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SUMMARY 


On  5  April  1982  some  Raytheon  Corporation  employees  became  111  while 
testing  a  PATRIOT  Missile  System  Communications  Relay  Group  (CRG)  shelter. 
Raytheon  is  the  prime  contractor  for  the  PATRIOT  Missile  System. 

At  the  time  of  the  test  the  shelter's  military  specification  18,000  BTUH 
Split-Package  Air  Conditioner  was  In  Its  high  heat  mode  of  operation. 

Raytheon  suspected  this  air  conditioner  to  be  the  source  of  an  Irritant  gas, 
and  retained  Skinner  and  Sherman  Laboratories  to  sample  and  analyze  the  air 
conditioner's  air  output.  This  Immediate  effort  indicated  a  significant  level 
of  acrolein  In  the  air. 

following  the  Raytheon/Skinner  and  Sherman  tests  the  VSE  Corporation  was 
tasked  by  the  U.S.  Army  Mobility  Equipment  Research  and  Development  Command 
(MERAOCOM)  PATRIOT  Support  Project  Office  to  perform  an  Investigation  of  the 
problem.  VSE  then  retained  the  services  of  VERSAR,  Incorporated,  a 
Springfield,  Virginia  chemical  analysis  company  to  assist  In  the 
Investigation.  The  Investigation  consisted  of  laboratory  analyses  of  air 
samples,  equipment  Inspections  and  tests,  shelter  tests,  personnel  Interviews, 
conferences,  and  meetings.  Ourlng  the  course  of  the  investigation  the  U.S. 
Army  Environmental  Hygiene  Agency  provided  Input  and  guidance. 

Extensive  gas  sampling  of  PATRIOT  air  conditioners  at  VSE  during  May,  June 
and  July  of  1982,  and  VERSAR  laboratory  analyses  of  gasses  from  suspect 
materials,  produced  no  Indication  of  an  Irritant  being  generated  in  the  air 
conditioner  under  normal  operating  conditions.  In  August  1982  representatives 
of  VSE  and  VERSAR  traveled  to  Fort  Bliss,  Texas  to  perform  tests  on  the  exact 
shelter  and  air  conditioner  that  were  Involved  In  the  Initial  Incident  at 
Raytheon  facilities  In  Bedford,  Massachusetts.  Samples  taken  during  these 
tests  also  failed  to  Indicate  the  presence  of  an  Irritant. 

In  October  1982  VSE  testing  of  an  air  conditioner  with  restricted  air  flow 
through  the  evaporator,  which  simulated  a  blocked  return  air  filter.  Indicated 
much  higher  component  temperatures  than  previously  experienced.  These 
temperatures  were  particularly  high  In  the  vicinity  of  the  right  Internal 
condensate  drain  hose  and  at  the  back  wall  of  the  evaporator  compartment. 
Scorching  of  the  Tygon  drain  hose,  at  temperatures  up  to  385*F,  and  hardening 
of  the  foam  rubber  wall  Insulation,  up  to  340*F  surface  temperature, 
resulted.  Simulta leously,  fresh  air  entering  the  right  side  of  the  unit 
cooled  the  heater  overtemperature  switches  which  are  located  just  above  the 
right  fresh  air  Inlet.  This  prevented  the  overtemperature  switches  from 
sensing  the  excessive  temperatures  below  them  and  thus  turn  off  the  heaters. 
Laboratory  testing  Indicated  that  these  elevated  temperatures  could  cause 
outgasslng  of  plastic  materials  In  the  unit  and  thus  produce  Irritant  gases. 
This  finding  was  accepted  Initially  as  the  elusive  cau1.  e  of  all  of  the 
problems.  The  temporary  solution  was  to  post  a  sign  n?ar  the  return  air 
filters  in  each  shelter  warning  operators  to  be  sure  that  the  return  air 
openings  are  never  restricted.  A  proposed  longer  range  fix  Involved 
relocating  the  overtemperature  switches  to  be  more  responsive  to  temperatures 
In  the  lower  evaporator  compartment  and  less  affected  by  the  fresh  air  Intake. 
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Just  as  this  explanation  of  the  Irritant  problem  and  proposed  solutions 
>«re  gaining  acceptance,  three  other  events  took  place:  (1)  On  3  November 
1982  an  Irritant  exposure  occurred  In  a  similar  PATRIOT  shelter  at  Fort  Bliss 
where  the  return  air  was  known  to  be  unrestricted;  (2)  A  similar  Irritant 
exposure  occurred  at  Fort  Huachuca,  Arizona  In  an  ANTSC  109  System 
communication  shelter  using  a  36,000  BTUH  horizontal  compact  military  air 
conditioner;  (3)  VSE  testing  of  heater  elements  revealed  that  the  'cold  area* 
at  the  end  of  the  elements  could  attain  temperatures  above  1000*F  where  they 
are  supported  by  Teflon  grommets.  Teflon  begins  to  outgas  a  poisonous 
fluoride  at  temperatures  around  400*F.  The  36,000  8TUH  horizontal  compact 
military  air  conditioner  also  used  Teflon  grommets  to  support  similar  electric 
heater  elements. 

Ourlng  November  and  Oecember  of  1982,  and  early  January  1983,  extensive 
air  conditioner  testing  was  performed.  Including  sampling  of  the  3  November 
1982  Incident  PATRIOT  shelter  at  Fort  Bliss,  to  determine  whether  or  not 
fluoride  from  the  Teflon  grommets  was  the  long  sought-after  irritant.  All 
sampling  indicated  conclusively  that  fluoride  from  the  hot  Teflon  heater 
grommets  was  the  Irritant  which  was  plaguing  that  air  conditioner,  and  others, 
under  normal  operating  conditions.  These  tests  also  Indicated  that  the  Teflon 
outgassing  Is  a  time  dependent  function,  with  a  high  Initial  rate  of 
outgassing  which  tapers  off  to  an  Indiscernable  rate  after  a  few  hours.  It 
was  this  reducing  rate  characteristic  and  the  type  of  contaminant  which  had 
eluded  earlier  discovery  by  chemical  analysis. 

Following  completion  of  the  Investigation  several  recommendations  were 
made  to  and  accepted  by  HERAOCOH.  These  recommendations  resulted  In  retrofits 
and  engineering  changes  which  affected  473  *80,  '81,  *82  and  later  series 
PATRIOT  Hlsslle  System  air  conditioners.  Principal  changes  Included: 

1)  Retrofit  of  234  '80  and'81  series  units  to  replace  unfinned  heater  rod 
Teflon  grommets  with  a  metal  retaining  bracket,  and  to  relocate 
overtemperature  switches  to  be  more  responsive  to  temperatures  near  the  heater 
rods. 


2)  Incorporation  of  engineering  changes  to  '82  and  later  series  units 
which  replaced  unfinned  heater  rods  with  finned  rods,  and  relocated  the 
overtemperture  switches  similar  to  the  changes  to  the  '80  and  '81  series  units. 


Finally,  on  29  June  1983  some  Raytheon  employees  complained  about  a  strong 
and  offensive  odor  being  produced  by  the  air  conditioner  of  another  shelter 
undergoing  testing.  An  Investigation  led  to  the  conclusion  that  the  paint 
coating  on  one  manufacturers  finned  heater  rod  outgassed  and  produced  the 
odor.  It  was  determined  to  be  nonhazardous ,  and  also  to  become  much  weaker 
until  no  longer  detectable  after  the  heaters  had  been  used  for  sometime. 
MERAOCOH  advised  all  PATRIOT  personnel  to  have  adequate  shelter  ventilation 
until  the  heater  paint  coating  burned  off. 
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PREFACE 


This  report  was  prepared  at  the  request  of  the  PATRIOT  Support  Project 
Office  (STRBE-FCP),  U.S.  Army  Belvoir  Research,  Development  and  Engineering 
Center  (BROEC),  Fort  8elvoir,  VA  22060-5606.  BROEC  was  known  as  the  U.S. 

Army  Mobility  Equipment  Research  and  Development  Command  (MERAOCOH)  during  the 
5  April  1982  -  9  December  1983  investigative  period  concerning  the  subject  air 
conditioners. 

Investigations  performed  and  described  in  this  report  were  accomplished  In 
accordance  with  Task  Order  039  to  MERAOCOH  Contract  DAAK70-81-D-01Q9.  This 
task  order  required  VSE  to  provide  engineering  evaluation,  documentation  and 
testing  service  in  support  of  the  PATRIOT  Program. 

The  authors  of  this  report  wish  to  acknowledge  the  very  valuable  guidance 
and  contributions  provided  by  the  following  persons: 

Mr.  Robert  M.  McKechnie,  PATRIOT  Support  Project  Office,  8RDEC,  Ft. 

8elvoir,  VA. 

Mr.  Franklyn  P.  Good,  VSE  Corporation,  Alexandria,  VA. 

Mr.  George  F.  Sams.  VSE  Corporation,  Alexandria,  VA. 

Mr.  Robert  E.  Sherfy,  VSE  Corporation,  Alexandria,  VA. 

References  used  in  this  report  are  attached  as  appendices  A  through  q,  and 
are  identified  in  the  Table  of  Contents. 
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INVESTIGATION  OF  SOURCE  OF  IRRITANT  GAS 
PRODUCED  8Y  PATRIOT  MISSILE  SYSTEM  AIR  CONDITIONERS 


1.  INTRODUCTION 

1.1  Background.  On  5  April  1982  several  Raytheon  Corporation  employees 
became  ill  while  working  In  a  PATRIOT  Missile  System  Communications  Relay 
Group  (CRG)  Shelter  located  at  8edford,  Massachusetts.  The  Raytheon 
Corporation  is  the  prime  contractor  for  the  PATRIOT  Missile  System. 

At  the  time  of  the  onset  of  the  Raytheon  employees  Illness  the  CRG  shelter 
air  conditioner  was  providing  heated  air  while  functioning  in  the  high  heat 
mode  of  operation.  PATRIOT  Missile  System  equipment  shelters  are  air 
conditioned  by  a  government  furnished  18,000  8TUH  Split-Package  military 
specification  air  conditioner. 

Suspecting  an  airborne  Irritant  to  have  caused  their  employees'  Illness, 
Raytheon  retained  Skinner  and  Sherman  Laboratories,  Inc.,  of  Waltham, 
Massachusetts,  a  chemical  analysis  company,  to  sample  and  analyze  the 
conditioned  air  In  the  CRG  shelter.  A  sampling  and  analysis  of  conditioned 
air  from  a  similar  shelter  and  a  separate  air  conditioner  was  also  performed 
by  Skinner  and  Sherman.  Results  of  the  Skinner  and  Sherman  analyses  showed  a 
significant  level  of  acrolein  In  the  conditioned  air  provided  by  the  three  air 
conditioners. 

Based  upon  the  Skinner  and  Sherman  analysis  the  VSE  Corporation  was  tasked 
by  the  U.S.  Army  Mobility  Equipment  Research  and  Development  Command 
(HERAOCOM)  PATRIOT  Support  Project  Office  to  perform  a  thorough  investigation 
of  airborne  Irritants  produced  by  PATRIOT  Missile  System  air  conditioners.  To 
this  end  VSE  retained  the  services  of  VERSAR,  Incorporated,  a  Springfield, 
Virginia  chemical  analysis  company. 

1.2  Purpose  of  report.  The  purpose  of  this  report  is  to  summarize  the  results 
of  an  investigation  to  determine  and  correct  the  condltion(s)  causing  persons 
to  become  111  while  working  In  PATRIOT  Missile  System  equipment  shelters. 

This  report  v;p.»  requested  by  the  PATRIOT  Support  Project  Office  (STR8E-FCP)  of 
the  U.S.  Army  9elvoir  Research,  Development  and  Engineering  Center  (BRDEC) , 

Fort  8elvo1r,  YA  22060-5606.  8R0EC  was  formerly  known  as  MERA0C0M. 

1.3  Scope  of  report.  This  report  covers  the  time  period  of  5  April  1982 
through  9  December  1983.  Major  study  Investigation  activities  to  include 
meetings,  tests  and  findings  are  included  within  this  report.  Conclusions  and 
recommendations  of  that  time  period  are  also  a  part  of  the  report. 

1.4  Reference  to  related  work.  Engineering  Change  Proposal  number  ECP 
82HE0387  was  initiated  approximately  at  the  beginning  of  November  1981  to 
correct  an  unnecessarily  high  heater  element  failure  rate.  This  ECP  changed 
the  unfinned  heater  elements  to  finned  elements,  drastically  reducing  their 
surface  temperature  and  therefore  their  resultant  radiant  heat.  At  the  same 
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time,  the  overtemperature  switches  were  relocated  to  be  more  responsive  to 
heater  and  Internal  temperatures,  and  less  affected  by  fresh  air  Intake. 

2.  TEST  PROGRAM  ANO  TEST  RESULTS 

2.1  Preliminary  tests.  As  a  result  of  the  Irritant  problem  experienced  by 
employee'  of  the  Raytheon  Corporation  on  5  April  1982,  Skinner  and  Sherman 
Laboratories,  Incorporated,  of  Waltham,  Massachusetts  were  retained  by 
Raytheon  to  sample  and  analyze  the  air  In  the  subject  Communications  Relay 
Group  (CRG)  shelter  and  other  PATRIOT  air  conditioners.  Ouring  the  analyses 
large  quantities  of  constituents  were  found.  The  most  Important  was 
acrolein.  Although  sampling  indicated  significant  levels  of  acrolein,  the 
results  could  not  be  substantiated  or  verified.  The  procedures  used  included 
mass  spectroscopy  and  charcoal  tube  procedures.  Results  of  Skinner  and 
Sherman  analyses  are  presented  in  Appendix  A. 

2.2  Expanded  tests.  To  aid  In  investigation  and  analyzatlon  of  potential 
Irritant  sources  and  hazards  associated  with  the  PATRIOT  air  conditioner,  VSE 
Corporation  was  tasked  by  the  PATRIOT  Support  Project  Office  to  complete  a 
thorough  study  of  the  problem.  To  compliment  VSE's  capability,  VERSAR  Inc. 
was  requested  to  provide  their  In-depth  experience  and  chemical  evaluation 
techniques  to  the  effort. 

In  order  to  expedite  the  study,  VERSAR  was  authorized  to  complete  a  series 
of  initial  tests.  These  Involved  organics  and  Inorganics  analysis  and  were 
directed  toward  detection  of  cyanide,  fluoride,  and  chlorine.  Fluoride  was 
the  only  inorganic  found,  and  the  specific  concentrations  noted  led  to  the 
conclusion  that  the  air  in  the  vicinity  of  the  test  area  was  being 
contaminated  from  another  source  and  did  not  reflect  changes  due  to  the 
heater.  Quantitative  findings  are  presented  in  Appendix  B. 

Concurrent  w*th  VERSAR's  analysis,  VSE  and  VERSAR  developed  and  documented 
a  proposed  test  plan.  The  plan  included  physical  inspections,  operational 
checks,  various  temperature  measurements,  power  consumption  data,  and  a  final 
physical  inspection.  In  addition,  VERSAR  proposed  further  analysis  of  organic 
and  inorganic  substances  given  off  during  operation  of  the  air  conditioner  and 
heater.  The  sampling  methodology  and  procedures  employed  by  VERSAR 
corresponded  to  those  recommended  by  the  National  Institute  for  Occupational 
Safety  and  Health  (NIOSH).  Of  prime  concern  were: 

1)  Chlorine  based  substances. 

2)  Fluorine  based  substances. 

3)  Acrolein. 

4)  Other  aldehydes. 

5)  HCN  or  other  cyanogen  based. 

6)  HCL. 

7)  Paint,  adhesive  components. 

8)  Plastic,  insulation,  elastomer  components. 


Physical  Inspections  of  subject  air  condltoners  Included: 

1)  Insulation. 

2)  Wiring  near  heater  elements. 

3)  Heater  elements. 

4)  Heater  grommets. 

5)  Any  debris  evident  In  the  compartment. 

6)  All  other  Items,  particularly  any  non-metal  parts. 

The  proposed  test  plans  as  submitted  to  the  U.S.  Army  Mobility  Equipment 
Research  and  Development  Command  are  presented  In  Appendix  C. 

2.3  Coordination  meeting  at  VSE  Corporation.  During  the  same  time  frame 
several  conversations  between  representatives  of  MERAOCOM,  the  PATRIOT  Missile 
Systems  Office,  the  Army  Environmental  Hygiene  Agency  (AEHA),  and  Raytheon 
were  effected.  As  a  result.  It  was  agreed  that  the  MERAOCOM  PATRIOT  Support 
Project  Office  would  promulgate  a  draft  test  plan  which  would  be  thoroughly 
reviewed  for  Its  adequacy  for  Identifying  the  content  of  gases  present  in  the 
air  flow  from  PATRIOT  air  conditioners  when  operating  In  the  heat  mode.  To 
effect  this  procedure,  a  meeting  of  cognizant  representatives  was  scheduled  to 
be  held  at  VSE  on  8  June  1982. 

Minutes  of  the  meeting  are  In  Appendix  0.  Much  of  the  discussion  was 
directed  towards  results  of  outgasslng  tests  conducted  by  Raytheon/Skinner  and 
Sherman  and  MERAOCOM  (VSE/VERSAR)  on  the  PATRIOT  18,000  8TUH  air  conditioner 
and  AEHA  on  the  Army  military  specification  18,000  BTUH  air  conditioner. 
Interestingly,  the  data  concerning  content  of  the  gases  present  in  the  air 
flow  of  the  air  conditoners  was  entirely  different.  This  prompted  the  PATRIOT 
Office  to  request  MERAOCOM  to  take  the  lead  In  finalizing  a  test  plan  and 
Initiating  testing  of  new  production  air  conditioners. 


2.4  Coordinated  test  plan  development  for  follow-on  gassing  tests.  The 
remainder  of  the  meeting  was  spent  finalizing  the  proposed  draft  test  plan. 

It  was  agreed  that  the  plan  would  effectively  incorporate  procedures  to  verify 
existence  of  the  large  quantities  of  constituents  found  in  the  Skinner  and 
Sherman  tests.  The  agreed  upon  plan  required  sampling  of  four  new  air 
conditioners  for  a  period  of  three  hours,  with  three  one-hour  samples  taken 
during  that  time,  it  included  the  following  parameters: 


CONSTITUENTS 

Acrolein 

Aromatics 

Phalates-Universal  (others) 

Formaldehide 

Hydrogen  Cyanide 


SAMPLING  METHOD 
Tenax  (cooled) 

Tenax  (cooled) 
Charcoal 

Std-NIOSH-bislf ides 
Std-NIOSH-OLIN  NA0H 


ANALYSIS 

HRGC/MS 

HRGC/MS 

HRGC/MS 

Standard 

Standard 


VERSAR  was  tasked  with  drafting  the  sampling  plan,  coordinating  it  with 
AEHA  and  Raytheon/Skinner  and  Sherman,  and  delivering  it  to  MERAOCOM. 
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On  18  June  1982  the  finalized  test  plan  was  distributed  with  Intention  to 
begin  VSE/VERSAR  preliminary  validation  studies  during  the  week  of  21  June 
1982.  Testing  of  the  air  conditioners  was  to  begin  the  week  of  28  June  1982 
with  a  Oraft  Final  Report  due  NIT  28  July  1982.  A  copy  of  the  finalized  test 
plan  Is  presented  In  Appendix  £. 

2.5  Coordinated  tests 


2.5.1  Four  air  conditioners  -  VSE  Corporation.  Testing  of  the  four  air 
conditioners  began  on  30  June  1982  and  was  completed  on  2  July  1982.  Tests 
were  conducted  at  VSE's  facility  in  Alexandria,  Virginia,  ihe  effort  was 
performed  with  each  air  conditioner/heater  operating  continuously  during 
sampling  In  the  high  heat  mode.  Sampling  techniques  used  would  allow 
detection  of  the  target  parameters  acrolein,  aromatics,  a  broad  range  of 
organic  compounds,  formaldehyde,  and  hydrogen  cyanide. 

Actual  testing  of  the  air  conditioners  was  conducted  by  VERSAR  personnel. 
Three  one-hour  tests  were  conducted  on  each  unit.  Ouring  sampling  activities, 
data  concerning  ambient,  unit  intake,  and  unit  exhaust  temperatures  were 
recorded  at  15-minute  intervals.  Also  recorded  were  the  voltage,  wattage, 
Hobbs  Hours  Meter  recordings,  and  static  pressure  created  by  the  unit  In 
operation. 

Sample  collection  equipment,  sampling  methods  and  areas,  a  summary  of 
total  samples  collected,  and  analysis  procedures  and  results  are  presented  in 
Appendix  F,  Section  2.0  and  3.6. 

2.5.2  Fifth  air  conditioner  -  VSE  Corporation.  On  15  July  1982  a  fifth  air 
conditioner  (unit  SN  801160)  was  subjected  to  the  same  methods  applied  to  the 
intensive  analysis  of  the  four  new  units  tested  during  the  30  June  -  2  July 
1982  time  period.  This  unit  was  the  on;  tested  previously  by  Skinner  and 
Sherman  for  Raytheon;  however,  MERAQC0H  decided  it  would  be  beneficial  to  test 
the  unit  using  the  same  sampling  and  analysis  techniques  applied  to  the  other 
units.  Procedures  employed  for  testin.,  the  unit  and  recorder  results  are 
presented  in  Appendix  G,  Sections  2.0  through  3.2. 

2.5.3  Test  sample  analyses  -  all  five  air  conditioners.  Following  the  test 
plan  measurements,  triplicate  samples  were  taken  during  the  first  hour  of 
operation  of  each  unit.  Samples  were  sent  to  AtHA,  Skinner  and  Sherman,  and 
VERSAR  for  analysis.  Upon  completion  of  preliminary  analyses  virtually  no 
differences  existed  between  the  findings  although  the  Skinner  and  Sherman 
report  listed  acrolein  found  in  the  first  hour  of  one  unit  (SN  801193). 
Briefly,  the  findings  indicated: 

1)  With  the  exception  of  the  one  unit,  acrolein  was  not  produced  by  or 
from  any  units  tested. 

2)  Benzene  and  toluene  were  observed  at  extremely  low  levels.  No  other 
aromatic  organic  compounds  were  observed.  Thus,  aromatic  organic  compounds 
were  not  produced  by  or  from  any  of  the  four  new  units  tested. 


4 


3)  With  the  exception  of  the  laboratory/f leld  contaminations,  no  organics 
were  found  In  discharged  air  at  any  substantial  levels,  levels  of 
trlchloroetheylene  were  always  slightly  higher  in  exhaust  than  Intake  in  the 
four  new  units. 

4)  Formaldehyde  was  not  produced  by  or  from  any  of  the  four  new  units 
tested. 

5)  Hydrogen  cyanide  was  not  produced  by  or  from  any  of  the  four  new  units 
tested. 

The  fifth  unit,  tested  at  the  request  of  MERAOCOM,  continued  to  shew  a 
real  contamination  of  Intake  air  by  toluene.  As  with  the  other  units  the 
exhaust  air  toluene  was  somewhat  higher,  thus  indicating  possible  generation 
by  the  unit  but  not  at  a  level  which  would  cause  protsble  concern.,  Aside  from 
this,  results  of  the  other  target  parameters  were  akin  to  the  four  new  units; 
l.e.,  non-found. 

The  report  providing  In  depth  discussion  of  analytical  methods,  findings 
and  conclusions  Is  presented  in  Appendix  H.  (Note:  Pertinent  parts  extracted 
from  VERSAR/Sklnner  and  Sherman/AEHA,  and  put  into  Appendix  H). 

2.5.4  Interim  conclusion.  Based  on  the  results,  the  conclusion  was  drawn 
that  none  of  the  target  parameters  set  forth  in  the  test  plan  were  present  in 
'he  sampling  configurations  tested.  This  prompted  VERSAR  to  recommend  a 
two-fold  approach  to  find  and  isolate  possible  chemical  irritants: 

1)  One  previously  tested  unit  should  be  moved  into  a  controlled  chemical 
environment  and  disassembled  by  a  knowledgeable  Investigative  team.  Selected 
components/materials  should  then  be  singled  out  for  thermal  irritant 
generation  potential.  A  prime  target  for  this  was  the  acrylonitrile-vinyl 
chloride  black  foam. 

2)  The  unit  should  be  tested  In  an  enclosure  typical  of  the  type  in  use 
when  Raytheon  personnel  became  ill.  The  test  location  should  be  free  of 
environmental  contaminents,  have  a  relatively  low  moisture  content,  and  should 
have  ambient  air  temperatures  requiring  use  of  the  heater.  A  meeting  to 
review  the  sampling  results  and  establish  future  efforts  was  set  for  21  July 
1982. 

2.6  Test  meeting  at  VSE  Corporation.  The  primary  focus  of  the  21  July  1982 
meeting  was  to  discuss  results  of  irritant  testing  of  the  four  new  production 
air  conditioners  and  the  single  air  conditioner  which  was  in  use  at  the  time 
the  Raytheon  personnel  became  ill  and  which  had  been  tested  by  Skinner  and 
Sherman  in  April  1982. 

Explanations  of  the  precautions  taken  to  assure  that  gas  samples  taken 
were  truly  representative  of  the  content  of  the  air  as  it  entered  and  exited 
the  subject  air  conditoners  were  offered.  In  addition,  discussion  of  the 
coordinated  efforts  required  to  take  and  analyze  the  samples  was  initiated. 
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It  was  generally  agreed  that  the  results  were  valid,  and  that  they  presented 
no  Indication  of  the  target  parameters  Identified  In  the  test  plan.  Minutes 
of  the  21  July  1982  meeting  are  presented  In  Appendix  I. 

2.7  Improved  coordinated  test  plan  development.  Failure  of  the  samples  to 
show  any  significant  amounts  of  toxicity  resulted  In  the  development  of  new 
tests  to  resolve  the  potential  problem  of  Irritant  gases.  Results  of  the  21 
July  1982  meeting  Identified  two  major  categories  of  new  tests;  those  Involved 
with  the  PATRIOT  air  conditioner  and  those  Involved  with  the  CRG  shelter. 
Essentially,  these  tests  Included  the  following  efforts  and  were  presented  as 
the  Consensus  Recommendations  for  PATRIOT  Heater/Air  Conditioner  Developed  at 
the  21  July  1982  Review  Meeting. 

1)  Disassembly  of  unit  by  Investigative  te'«  -  develop  and  wort  detailed 
plan  (Include  MERAOCOM,  AEHA,  Raytheon,  Skinner  4  Sherman,  VSE  and  VERSAR). 

a)  Verify  adherence  to  specifications  (mechanical,  electrical  and 
material) . 

b)  Find  specific  materials  that  could  add  Irritants  to  discharge  air. 

c)  Study  temperature  ranges  -  Mormal  high  heat  mode. 

-  Safety  switch  high  heat  mode. 

-  50%  d1s>  arge  air,  normal  high  heat  mode. 

d)  Test  suspecr  materials  by  •headspace*  or  equivalent  GC/MS  methods 
(temperature  range  to  be  determined). 

e)  Measure  air  flow  characteristics. 

f)  Oo  worst  case  analysis  of  materials  -  l.e.,  destroy  and  evaluate 
thermal  degradation  products. 

2)  Review  manufacturing  process  of  acrylonitrile-vinyl  chloride  black  foam. 

a)  General  review  of  manufacture  of  foam. 

b)  Determine  possibility  of  acrolein  carry  over  (Raytheon  hypothesis). 

c)  Investigate  hardware  degreasing  as  potential  sources  of  acrolein 
(VSE  hypothesis). 

3)  Test  entire  'original  incident*  CRG  enclosure. 

a)  Develop  detailed  plan  (MERAOCOM,  AEHA.  Raytheon,  Skinner  and 
Sherman,  VSE  and  VERSA#;. 

b)  Improve  Sampling  and  Analysis  techniques  as  Indicated  by  reports. 

c)  Control  Input  air  (major  concern  Is  dryness). 
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4)  Validate  standard  a I OSH  method  211  for  Acrolein. 

5)  Possible  expansion  of  target  parameters  (l.e.,  amines,  polyamlnes, 
carbon  dioxide,  carbon  monoxide). 

At  a  minimum  It  generally  was  agreed  that  upon  completion  of  the*? 
recommendations  It  would  be  possible  to  use  the  PATRIOT  heater/air 
conditioners  In  the  high  heat  mode  or,  falling  that,  at  least  know  the 
corrective  actions  v4)!ch  would  be  required  In  order  to  use  the  units  safely. 

As  a  direct  result  of  the  meeting  and  development  of  the  Consensus 
Recommendations  VCRSAR  developed  a  test  plan  which  focused  on  efforts  to 
comprehensively  address  each  of  the  major  areas.  It  was  separated  Into  two 
distinct  tasks  with  Task  1  covering  recommendation  nos.  1  and  2  and  Task  2 
covering  the  remaining  recommendations. 

Task  1  primarily  focused  on  Investigation  of  potential  production  of 
chemical  Irritants  through  material  and  mechanical  evaluation;  whereas.  Task  2 
was  a  sampling,  analysis  and  method  validation  plan  of  the  entire  CRG 
enclosure  from  which  the  first  personnel  complaints  originated.  A  more 
detailed  discussion  of  the  plan  Is  presented  In  Appendix  J. 

2.8  Improved  coordinated  tests 

2.8.1  VSC  test.  Having  reached  agreement  on  the  procedures  to  be  used,  the 
Investigative  team  met  at  VSE  on  9  August  1982  to  Inspect  one  of  the  PATRIOT 
air  conditioners,  thus  Initiating  Task  1  as  Identified  above.  The  team 
Inspected  two  heater/air  conditioner  units  and  noted  design  and  manufacturing 
problems.  The  team  also  Identified  materials  In  the  units  which  could 
conceivably  release  Irritants  or  toxic  materials  when  heated.  One  of  the 
units  Inspected  was  missing  a  piece  of  reflective  aluminum  Intended  to  protect 
the  Insulating  foam  from  high  heat.  The  team  concurred  that  that  was  a 
serious  omission  and  that  the  manufacturer's  quality  control  procedures  should 
be  tightened  to  prevent  further  omissions. 

The  temperatures  attained  In  various  areas  of  the  heater  box  were  measured 
under  a  variety  of  condtions,  The  maximum  temperature  measured  on  any  surface 
in  the  unit  was  2<6*F. 

A  number  of  materials  used  In  the  units  were  heated  and  tested  for  the 
presence  of  outgassing  products.  At  normal  operating  temperatures,  only  two 
materials  released  any  compounds  of  concern.  The  adhesive  released  toluene, 
and  the  insulating  foam  released  carbonyl  sulflie,  carbon  disulfide  and 
benzene.  The  quantities  of  products  released  were  determined  to  be  probably 
nonhatardous  at  norndl  operating  temperatures. 

Two  materials,  tubing  and  foam,  were  tested  for  outgassing  products  at 
temperatures  significantly  higher  than  the  worst  case  temperature  agreed  to  by 
the  Investigative  team  (l.e.,  340*F  rather  than  280*F).  These  tests  were 
undertaken  to  simulate  possible  outgassing  effects  when  major  overheating 
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occurred  as  was  apparent  In  the  first  units  tested  at  Fort  Bliss,  Texas.  It 
was  determined  that  the  quantities  of  compounds  released  from  the  foam  at 
340*F  could  pose  a  hazard  to  personnel  In  the  CRG  shelter. 

With  respect  to  recommendations  nos.  3;  4  and  5  a  final  list  of  target 
parameters  for  sampling  at  Ft.  Bliss  was  finalized  and  Included: 

1)  Acrolein. 

2)  formaldehyde. 

3)  Cyanide. 

4)  Amines. 

5)  Hydrogen  Chloride. 

6)  Carbon  Oloxlde. 

7)  Carbon  Monoxide. 

8)  Semi-volatile  organics  and  aromatics  collected  on  charcoal. 

9)  Volatile  organics  and  aromatics  collected  on  Porapak  N. 

The  results  of  analysis  and  sampling  showed  that  no  acrolein,  cyanide  or 
hydrogen  chloride  were  present  In  the  air  In  the  CRG  shelter.  All  samples 
were  below  the  detection  limit  of  the  methods.  Traces  of  formaldehyde  were 
found  both  Inside  and  outside  the  CRG  shelter,  but  the  levels  found  were  so 
low  that  they  were  not  considered  a  hazard.  An  unknown  compound  which 
Interfered  with  the  analysis  for  amines  was  present  In  the  ambient  air  at  Fort 
Bliss.  Therefore,  no  results  were  obtained  for  amines.  Carbon  dioxide  and 
c.?rbon  monoxide  levels  Inside  the  CRG  shelter  were  not  significantly  different 
from  the  levels  found  In  the  ambient  air  outside  the  shelter.  The  charcoal 
tube  test  for  semi-volatile  organics  and  aromatics  did  not  detect  any 
contaminants  at  hazardous  levels.  Trace  quantities  of  volatile  organic  and 
aromatic  compounds  were  found  In  the  Proapak  N  sampling  tubes,  but  below 
levels  which  were  thought  to  be  hazardous. 

For  a  comprehensive  discussion  of  the  Investigative  procedures  sampling 
methods,  analyses  and  findings  of  Task  1  and  2  testing,  refer  to  Appendix  J. 

2.8.2  Interim  conclusion.  Interestingly,  the  Task  1  and  2  tests  proved,  for 
all  practical  purposes,  to  be  Inconclusive  In  their  findings.  As  a  result, 
the  conclusion  at  this  point  was  that  there  was  nothing  which  would  prevent 
using  PATRIOT  air  conditioners  In  the  high  heat  mode  If  operated  In  accordance 
with  prescribed  procedures. 

2.8.3  Fort  Bliss  test.  The  PATRIOT  air  conditioner  Involved  In  the  Irritant 
emissions  Incident  (serial  number  801198)  was  shipped  from  VS£  to  fort  Bliss 
in  £1  Paso,  Texas.  This  was  to  facilitate  testing  of  two  air  conditioners 
while  mounted  on  a  shelter  during  the  nerlod  23-28  August  1982.  Air 
Conditioner  S/N  81013,  mounted  on  a  CRG  shelter,  was  Inspected  through  the 
fresh  air  opening  located  on  the  curb  side  of  the  unit.  This  Inspection  was 
performed  by  VS£  personnel.  Several  of  the  Teflon  bushings  which  separate  the 
heater  elements  from  their  mounting  bracket  had  melted  and  were  found  in  the 
bottom  of  the  evaporator  section.  The  right  hand  drain  hose  located  below  the 
heater  elements  had  melted  to  the  extent  that  It  was  badly  misshapen  and 
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flattened  on  the  bottom  where  It  rested  on  the  bottom  of  the  unit.  In 
addition,  the  hose  top  was  scorched  and  had  a  hole  melted  or  burned  Into  It. 
The  Initial  Indication  was  that  the  heater  area  had  been  extremely  hot.  The 
only  reasonable  explanation  for  this  was  that  the  return  air  Intake  became 
severely  restricted  as  a  result  of  a  dirty  air  filter  or  a  piece  of  newspaper 
or  packing  paper  being  sucked  against  the  return  air  opening.  The  return  air 
opening  is  located  at  floor  level  In  the  shelter.  It  was  also  apparent  that 
some  of  the  heater  elements  had  burned  out  when  the  air  conditioner  was 
replaced  by  air  conditioner  S/N  801198.  This  new  unit  had  better  heating 
capacity  than  Its  counterpart.  Air  conditioner  S/N  801198  was  fully  Inspected 
at  VSE's  facility  In  Alexandria,  VA  during  the  week  of  9  August  1982.  A  brief 
visual  Inspection  at  Fort  Bliss  revealed  no  apparent  problems. 

The  exhaust  air  from  both  PATRIOT  air  conditioners  were  sampled  for  the 
following  Inorganic  and  organic  compounds: 

1)  Acrolein. 

2)  Formaldehyde. 

3)  Cyanide. 

4)  Amines. 

5)  Hydrogen  Chloride. 

6)  Carbon  Dioxide. 

7)  Carbon  Nonoxide. 

8)  Semi-volatile  organics  and  aromatics  collected  on  charcoal. 

9)  Volatile  organics  and  aromatics  collected  on  Porapak  N. 

The  samples  were  collected  Inside  the  shelter  using  techniques  which  would 
allow  detection  of  the  target  parameters.  Sample  sets  were  also  collected 
outside  the  shelter  to  establish  baseline  ambient  conditions  for  comparison. 
Two  2-hour  sample  sets  were  collected  with  S/N  801198  unit  operating  with  the 
heater  off.  In  the  air  conditioning  mode.  This  was  done  to  verify  that  none 
of  the  target  parameters  were  present  Inside  the  CRG  shelter  when  the 
Heater/Air  Conditioner  was  operating  In  other  than  the  high  heat  mode. 

In  subsequent  sampling,  both  air  conditioners  (S/N  801198,  81013)  were 
operated  with  the  main  switch  on  high  heat  and  the  thermostat  set  at  the 
highest  heat  setting.  The  over-temperature  switch  and  thermostat  were  not 
bypassed  In  this  sampling  because:  1)  the  ambients  at  Ft.  Bliss  (65-flS*F) 
were  not  characteristic  of  temperatures  encountered  during  winter  months  when 
the  heaters  are  actually  used,  and  2)  there  was  a  desire  to  maintain 
temperatures  In  the  CRG  which  would  facilitate  testing  procedures  and 
personnel  comfort.  As  a  minimum,  at  least  50*  of  the  heater  rods  were 
expected  to  be  on  under  any  condition  in  the  high  heat  mode. 

The  results  of  the  samplings  showed  that  no  acrolein,  cyanide  or  hydrogen 
chloride  was  present  in  the  air  in  the  CRG  shelter.  All  samples  were  below 
the  detection  limit  of  the  sampling  methods.  Traces  of  formaldehyde  were 
found  both  inside  and  outside  the  CRG  shelter,  but  the  levels  found  were  so 
low  that  they  did  not  constitute  any  hazard.  An  unknown  compound  which 
Interfered  with  the  analysis  for  amines  was  present  in  the  ambient  at  ft. 


Bliss.  Carbon  dioxide  and  carbon  monoxide  levels  Inside  the  CRG  shelter  were 
not  significantly  different  from  the  levels  found  In  the  ambient  air  outside 
the  shelter.  The  charcoal  tube  test  for  semi-volatile  organics  and  aromatics 
did  not  detect  %ny  contaminants  at  hazardous!  levels.  These  quantities  of 
volatile  organic  and  aromatic  compounds  were  found  in  the  Porapak  N  sampling 
tubes,  but  were  well  below  levels  considered  to  be  hazardous. 

Post-test  Inspections  of  both  air  conditioners  revealed  no  significant 
changes  to  either  unit.  For  further  detailed  information  on  data  collection 
during  these  tests,  refer  to  Appendix  R. 

2.8.4  VSE  test.  After  the  Inspection  and  subsequent  testing  of  air 
conditioner  S/N  81013,  the  unit  was  shipped  back  to  VSE  for  further 
Investigation.  The  overtemperature  switches  In  the  unit  were  tested  to 
establish  that  they  opened  at  reasonable  settings  to  protect  the  system. 

The  CRG  shelter,  at  the  time  of  the  Incident  at  the  Raytheon  plant,  was 
located  outdoors  In  very  cold  weather  with  the  air  conditioner  operating  in 
the  high  heat  mode.  The  fresh  air  intake  duct  Is  mounted  on  the  right  (curb) 
side  of  the  air  conditioner  on  this  shelter  ( refer  to  Fig.  2,  Appendix  L) . 

With  this  configuration,  If  the  return  air  Is  severly  restricted,  a  large 
quantity  of  cold,  fresh  air  is  introduced  li^to  the  air  conditioner,  bathing 
the  overtemperature  switches  in  cold  air  and  preventing  them  from  sensing  the 
true  temperature  in  the  Inner  evaporator  compartment.  Therefore,  they  will 
not  turn  the  heaters  off  and  cannot  protect  the  heaters  or  evaporator 
compartment  materials  under  this  abnormal  operating  condition. 

A  test  was  run  at  VSE  on  8  October  1982  on  air  conditioner  S/N  801185 
which  was  identical  to  S/N  81013.  The  test j objectives  were  to  determine 
critical  Internal  air  conditioner  unit  temperatures  with  the  return  air  inlet 
block,  and  to  Investigate  'quick  fix'  possibilities  to  minimize  the  hazards 
under  adverse  operating  conditions.  Qry  ice  was  maintained  in  a  fabricated 
cooling  box  at  the  fresh  air  makeup  to  keep  the  Intake  air  cool  enough  so  that 
over-temperature  switches  did  not  trip  during  testing.  Figure  3  of  Appendix  L 
illustrates  the  completed  test  set-up.  Temperatures  were  independently 
monitored  by  thermocouples  placed  throughout  the  unit. 

The  first  test  was  run  In  the  low  heat  mode,  with  the  fresh  air  intake 
duct  on  the  right  (curb  side)  of  the  air  conditioner  unit  and  the  return  air 
duct  blocked  various  amounts  from  wide  open!  to  completely  closed.  The 
condensate  drain  tube  temperature  reached  322*F.  The  same  test  under  the  high 
heating  mode  yielded  a  maximum  drain  tube  temperature  of  386*F  before  the 
heaters  were  manually  turned  off  because  of!  a  burned  rubber  odor  coming  from 
the  unit.  The  test  data  Indicated  that  unless  the  return  air  duct  opening  is 
restricted  more  than  901,  no  excessive  temperatures  are  evident  in  the 
evaporator  compartment.  Tests  Indicated  a  repeatable  drain  tube  temperature 
of  approximately  385*F  with  the  return  air  completely  restricted,  and  the 
fresh  air  Intake  duct  on  the  right  side.  That  was  a  direct  result  of  the 
observation,  during  operation,  that  the  overtemperature  switches  generally 
would  not  trip  with  outside  air  temperatures  below  about  68*F.  The  Tygon 
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tubing  used  for  the  condensate  drain  had  a  normal  maximum  working  temperature 
of  approximately  I80°F.  Under  the  same  conditions,  but  with  the  fresh  air 
intake  on  the  left  side,  the  overtemperature  switches  repeatedly  tripped, 
limiting  the  right  drain  tube  to  about  307*F.  With  the  exception  of  the 
heater  elements  that  drain  tube,  with  the  fresh  air  Intake  in  either 
configuration,  appeared  to  be  the  hottest  component  within  the  evaporator 
compartment  under  very  restricted  return  air  conditions.  In  addition,  the 
lower  right  rear  wall  reflective  metal  reached  about  34d*F  under  the  same 
condition.  This  metal  was  cemented  directly  to  a  synthetic  foam  insulation 
material,  which  could  also  be  adversely  affected  by  temperatures  in  that  high 
temperature  range. 

Disassembly  and  Inspection  of  the  unit  following  these  tests  revealed  that 
the  right  side  plastic  drain  tube  had  melted  and  burned  exactly  like  the  one 
found  when  S/N  81013  was  Inspected  23  August  82  at  Fort  Bliss. 

A  couple  of  *qu1ck  fixes*  were  attempted  to  keep  the  outside  air  from 
affecting  the  over-temperature  switches  and  to  reduce  temperatures  at  or  near 
the  right  plastic  drain  hose.  One  quick  fix  was  a  metal  baffle  to  shield  the 
right  drain  tube  from  heat  radiation  which  originated  at  the  heater  elements, 
and  which  was  reflected  off  of  the  reflective  metal  which  protected  the  foam 
rubber  wall  insulation.  Another  test  was  run  in  the  high  heat  mode  with  the 
return  air  Intake  closed.  The  results  showed  that  the  installation  of  a 
baffle  reduced  the  drain  tube  temperature  to  a  high  of  about  270*f  with  the 
fresh  air  intake  on  the  right  or  curb  side  of  the  unit.  With  the  Intake  on 
the  left  side,  the  high  temperature  of  the  tube  was  about  307*F. 

The  other  quick  fix  tested  was  a  small  air  deflector,  in  the  right  side 
fresh  air  opening,  to  deflect  incoming  air  away  from  the  overtemperature 
switches  and  downward  toward  the  right  drain  tube  (Refer  to  Fig.  4,  Appendix 
L).  The  diverter,  during  test,  deflected  the  cold  air  away  from  the 
over-temperature  switches,  and  kept  the  right  drain  tube  temperature  from 
exceeding  160*F.  However,  the  diverter  was  ineffective  with  air  conditioner 
units  configured  with  the  fresh  air  Intake  duct  on  the  left  side.  The  drain 
hose  attained  about  307*F  in  that  configuration  before  the  overtemperature 
switches  reduced  the  heat. 

Therefore,  It  was  apparent  from  the  test  results  that  neither  "quick  fix* 
offered  adequate  protection  to  Internal  materials  of  the  evaporator  section  in 
both  configuration  of  air  conditioners.  Of  note  at  this  time  In  the 
chronology  of  events  is  that  Engineering  Change  Proposal  number  ECP  82HE0387 
had  been  Initiated  during  late  October  or  early  November  1981.  This  ECP  was 
developed  to  correct  an  unnecessarily  high  heater  element  failure  rate.  It 
also  had  the  ability  to  completely  protect  the  unit,  regardless  of  external 
blockage  of  the  return  air  duct,  by  relocating  the  overtemperature  switches  to 
be  more  responsive  to  heater  and  Internal  temperatures,  and  less  affected  by 
the  air  supplied  through  the  fresh  air  Intake. 
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After  the  previously  described  testing  at  YS£  8-18  October  1982,  the 
scenario  of  a  return  air  duct  completely  blocked  was  agreed  to  as  the  cause  of 
the  irritant  release  Incident  in  Massachusetts  on  5  April  1982  (Reference 
Appendix  M) .  Temperatures  within  the  evaporator  assembly  were  suspected  of 
reaching  values  above  the  normal  working  temperatures  of  several  materials 
located  in  that  compartment  when  the  return  air  duct  Is  blocked  In  the  high 
heat  mode. 

Uutgassing  experiments  were  performed  on  several  suspect  materials  within 
the  air  conditioner,  as  was  previously  reported.  The  temperature  at  which 
these  mat'  rials  were  heated  to  <280*F)  was  determined  by  the  measurement  of 
normal  operating  temperatures  within  the  evaporator  section  under  a  high  heat 
mode.  An  additional  margin  of  15X  was  added  to  arrive  at  280*F.  After  the  23 
August  1983  Inspection  of  the  previously  overheated  air  conditioner  at  Fort 
Bliss,  It  was  decided  that  the  insulating  foam  and  Tygon  tubing  be 
investigated  at  the  elevated  temperature  of  340*F,  which  would  have  been 
typical  under  the  over-temperature  situation  with  the  return  air  duct 
blocked.  Still  no  significant  out-gassing  was  detected  at  those  temperatures 
(Reference  Appendix  M) .  The  knowledge  of  that  fact  and  the  occurrence  of 
several  events  around  that  point  In  time  rekindled  the  exhaustive  search  for 
the  cause  of  the  Irritant. 

2.9  Second  and  third  irritant  exposure  incidents.  On  27  October  1982  another 
Irritant  exposure  occurred  at  Fort  Huachuca,  Arizona  in  an  ANTSC  109  System 
communication  shelter  using  a  36,000  8TUH  military  unit.  On  3  November  1982  a 
third  irritant  exposure  occurred  in  a  shelter  similar  to  the  PATRIOT  shelter 
at  Fort  811ss,  in  which  VS£  had  done  their  sampling.  However,  the  return  air 
duct  was  reported  to  be  unobstructed.  It  was  reported  that  seven  Individuals 
had  been  exposed  to  some  form  of  chemical  irritation  over  a  period  of  two 
weeks.  The  chemical  exposures  happened  when  the  heaters  were  used,  and 
significant  damage  to  the  Teflon  grommets  of  both  heaters  In  the  shelter  was 
observed.  Coughing  and  dryness  of  throat  were  the  most  commonly  reported 
effects  first  noted.  Other  symptoms  of  sleeplessness,  severe  headaches,  and 
chest  pains  were  also  reported  (see  Appendix  N) . 

Because  The  irritant  source  was  still  unconfirmed  as  a  result  of  the 
aforementioned  occurences,  a  new  set  of  hypotheses  had  to  be  derived.  There 
were  general  suroicions  that  the  Teflon  grommets,  which  were  in  direct  contact 
with  the  heating  .-o-*is,  were  not  limited  to  280*F  under  normal  operating 
conditions.  Also,  the  surface  temperature  of  the  rods  at  the  alleged  "cold* 
end  had  never  been  measured  (see  Appendix  N) . 

An  investigation  was  plan  ed  to  determine  the  surface  temperature  of  these 
heater  rods  near  their  cold  ends.  Also,  surface  tempertures  on  the  cold  ends 
of  finned  heating  rods  were  looked  at  because  ECP  82HE0387  would  soon  direct  a 
change  of  the  unfinned  rod  elements  to  the  finned  version  to  reduce  heater 
failure. 
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2.10.1  VSE  test.  Testing  commenced  on  5  November  1982  at  VSE.  Section 
drawings  In  Appendix  H  show  that  the  electric  wire  element  Inside  the  finned 
heater  stops  considerably  farther,  approximately  2  Inches,  from  the  cold  end 
of  the  rod  as  compared  to  the  0.63  Inches  of  the  ur.flnned  heater.  The  results 
of  temperature  measurements  taken  during  those  tests  showed  that,  at  the 
Teflon  grommet  Interface  (.75  In  from  the  cold  end  of  the  rod),  the 
temperatures  varied  from  1228*F  to  !000*F.  At  that  same  critical  area,  .75 
Inches  from  the  cold  end,  for  the  finned  heating  rod  no  temperature  greater 
than  400*F  was  recorded.  Test  results  showed  that  the  finned  elements 
conducted  heat  away  from  the  electrical  wire  element  more  readily  than  the 
unflnned  rods,  and  therefore  would  significantly  Increase  heater  life.  The 
lower  radiant  energy  would  result  in  lower  temperatures  in  other  materials, 
including  the  plastic  and  rubber  materials  within  the  evaporator  compartment. 
The  unflnned  heater  rod  cold  end  surface  temperature  was  found  to  greatly 
exceed  the  normal  working  temperature  of  Teflon  by  at  least  600°F. 

2.10.2  VERSAR  tests.  Concurrent  with  the  testing  at  VSE,  MERA0C0M,  on  5 
November  1982,  contacted  VERSAR  to  ask  that  an  appropriate  Investigation  be 
undertaken.  An  industrial  hygiene  investigative  team  was  dispatched  to  Fort 
Bliss.  This  team  interviewed  six  of  the  seven  individuals  who  had  been 
exposed  to  some  form  of  chemical  Irritation  over  a  period  of  two  weeks  at  Fort 
Bliss  (See  Appendix  N).  Based  on  their  observations  and  discussions  with 
AEHA,  it  was  determined  that  the  air  would  be  monitored  for  hydrolyzable 
fluoride,  chloride,  sulfur  dioxide,  acrolein,  and  several  other  organics.  The 
air  conditioner  units  involved  In  the  i.’cident  on  23  November  1982  at  Fort 
Bliss  would  be  tested  at  low  heat  and  high  heat,  with  and  without  grommets. 

The  following  sampling  scheme  was  conducted  with  the  Teflon  (TFE)  grommets  In 
position  on  both  heater  units  and  operated  as  described  below: 

1)  1/2  hr  sampling  run  with  both  units  on  high  heat. 

2)  1  hr  sampling  run  with  botr  units  on  high  heat. 

3)  1  hr  sampling  run  with  both  units  on  low  heat. 

<)  1  hr  sampling  run  outside  shelter  -  referred  to  make-up  air. 

All  TFE  grommets  were  removed  from  both  heaters  and  were  submitted  to 

VERSAR's  laboratory  for  gravimetric  analysis  after  the  above  sampling  runs.  A 
final  sampling  run,  without  the  TFE  grommets  in  position,  was  conducted  under 
a  one-hour  sampling  run  with  both  units  on  high  heat 

An  analysis  of  the  sampling  revealed  the  highest  flouride  levels  occurred 
during  the  first  30  minutes  of  heating  in  the  high  heat  mode  (see  Appendix  N) . 
Fluoride  was  not  detectable  in  the  air  samples  after  the  TFE  grommets  were 

removed.  It  was  not  detectable  in  the  ambient  air.  There  was  no  evidence  of 

elevated  sulfur  dioxide,  acrolein,  volatile  or  semi-volatile  organic  compounds. 

Each  grommet  removed  from  the  air  conditioners  during  the  sampling  was 
weighed,  and  the  results  compared  to  a  new  set  of  grommets  obtained  from  the 

manufacturer  of  the  units.  The  average  weight  of  the  used  grommets  was  less 
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than  the  new.  Since  TFE  is  76%  fluorine,  an  estimate  of  fluorine  lost  from 
the  grommets  In  both  air  conditioner  units  was  3.61  grams  (see  Appendix  N). 
There  were  no  officially  accepted  Threshold  Limit  values  (TLVs)  for  the 
decomposition  products  of  TFE. 

Based  on  the  weight  loss  and  obvious  damage  to  TFE  grommets  in  the  units 
involved  In  the  3  November  1982  Incident  at  Fort  Bliss,  MERAOCQM  decided  to 
remove  all  TFE  grommets  from  similar  units.  All  enclosures  in  use  at  Fort 
Bliss  and  White  Sands,  New  Mexico  were?  subjected  to  the  same  test  series  as 
previously  described.  Field  sampling  was  conducted  on  22  November  1982  at 
Fort  Bliss  and  on  23  November  1982  at  White  Sands  Missile  Range.  Seven 
shelters  were  sampled  while  the  heater/air  conditioners  on  each  shelter  were 
operated  In  the  high  heat  mode.  Ourlng  all  tests  all  TFE  grommets  were 
removed  from  the  heater  rods.  No  fluoride  was  detected  In  the  ambient 
samples,  and  little  or  no  hydrolyzable  fluoride  was  found  In  t*  »  seven 
shelters.  No  significant  amounts  of  chloride,  acrolein,  or  semi-volatile 
organic  compounds  were  found  in  the  samples  taken. 

In  all  the  grommets  that  were  removed  from  the  heaters  at  Fort  81iss,  a 
weight  loss  was  observed  In  every  set.  A  testing  arrangement  was  set  up  at 
VERSAR  to  determine  the  major  products  of  the  decomposition  of  TFE  grommets  In 
contact  with  a  heater  rod  from  a  PATRIOT  Heater/Air  Conditioner  (see  Appendix 
N).  A  grommet  was  placed  0.3  cm  and  1.5  cm  from  the  end  of  a  single  heating 
rod.  It  was  bathed  in  a  stream  of  purified  air,  which  facilitated  collection 
of  the  gases  resulting  from  TFE  decomposition. 

The  data  showed  that  the  amount  of  fluoride  lost,  estimated  through  weight 
measure,  will  consistently  show  up  as  hydrolyzable  fluoride.  Visual  and 
quantitative  results  showed  that  most  of  the  grommet  in  direct  contact  with 
the  rod  was  vaporized  within  the  first  30  minutes  of  the  test. 

No  acrolein  was  detected  during  these  experiments.  The  decomposing  TFE 
grommets  did  not  produce  measureabie  amounts  of  acrolein.  A  fairly  large 
amount  of  semi-volatile  organic  compounds  were  produced  during  the 
decomposition  of  TFE.  Given  the  large  air  dilution  that  occurs  when  the 
PATRIOT  Heater/Air  Conditioners  are  running,  the  results  would  probably  be 
below  the  detection  limit  in  actual  use.  In  contrast  to  this,  the  results  for 
hydrolyzable  fluoride  were  2  million  times  greater  than  the  detection  limit 
(see  Appendix  M) .  A  coating  of  fine  white  powder  was  observed  on  the  inside 
of  the  test  equipment.  This  vaporizec  TFE  particulate  matter  accounts  for  the 
remainder  of  the  grommet  weight  loss  during  decomposition. 

Additional  field  sampling  tests  were  conducted  at  VSE  on  8  January  1983. 

A  PATRIOT  heater/air  conditioner  was  outfitted  with  new  TFE  grommets  and  then 
operated  in  a  “controlled*  high  heat  mode.  The  results  of  that  sampling 
demonstrated  that  fluoride  concentration  reached  a  maximum  sometime  after  10 
to  20  minutes  of  operation.  The  concentration  slowly  fell  off  for  the  rest  of 
the  experiment.  The  grommets  were  then  weighed  after  sampling.  It  was  found 
that  between  19.2%  to  26.0%  of  the  fluoride  lost  appeared  as  hydrolyzable 
fluoride. 


X 


On  20  January  1983,  further  testing  was  performed  in  an  ICC  shelter  at 
Fort  Bliss.  The  heater/air  conditioner  units  were  run  with  new  grommets  in 
them.  Every  sample  collected  contained  hydrolyzable  fluoride.  The  maximum 
concentration  of  hydrolyzable  fluoride  was  always  found  during  the  first 
thirty  minutes  of  operation.  The  maximum  fluoride  levels  for  the  experiment 
ranged  from  48  ug/m3  to  448  ug/m3.  Other  publications  Indicate  that 
decomposing  TFE  may  cause  symptoms  of  Polymer  Fume  Fever  when  the 
concentrations  of  hydrolyzable  fluoride  are  approximately  50  ug/re3.  This 
indicates  that  the  hydrolyzable  fluoride  levels  found  In  the  ICC  shelter  were 
unacceptably  high  (Refer  to  Appendix  N) . 

The  results  collected  also  showed  that  the  conditions  with  the  highest 
return  air  flow  and  the  greatest  percentage  of  return  air  also  had  the  least 
weight  loss  and  the  lowest  fluoride  concentration.  The  return  air  in  the 
PATRIOT  Heater/Air  Conditioners  entered  the  units  directly  in  froit  of  the 
heating  rods.  As  the  return  air  flow  increased,  the  heating  rods  were  cooled 
and  the  TFE  grommets  wore  exposed  to  lower  temperatures.  When  the  return  air 
flow  decreased,  the  heating  rods  got  hotter,  and  the  TFE  grommets  were  exposed 
to  higher  temperatures.  The  make-up  air  did  not  appear  to  affect  the  fluoride 
levels  because  it  entered  the  units  very  close  to  the  intake  of  the  squirrel 
cage  fans.  The  air  probably  did  not  pass  over  the  heater  rods,  thus  it  had  no 
effect  on  the  temperatures  that  the  TFE  grommets  are  exposed  to.  The  highest 
fluoride  concentrations  were  found  when  both  heater/air  conditoners  were 
running,  and  when  the  shelter  cooling  fans  were  on.  This  increased  the  total 
air  flow  through  the  shelter,  and  increased  the  dilution  of  the  TFE 
decomposition  products.  However,  it  also  decreased  the  return  air  flow,  and 
therefore  increased  the  amount  of  TFE  decomposition,  or  weight  loss,  and  the 
concentration  of  hydrolyzable  fluoride.  The  cooling  fans  had  the  same  effect 
as  locking  the  return  air.  The  exit  air  temperature  was  raised  and  the  TFE 
grommets  underwent  a  more  rapid  decomposition. 

3.  CONCLUSIONS 

Conclusions  reached  by  this  investigation  were: 

1)  Persons  who  became  ill  while  working  in  PATRIOT  Missile  System 
equipment  shelters  were  exposed  to  the  decomposition  products  of  Teflon  (TFE) 
heater  rod  grommets  installed  in  shelter  air  conditioners. 

2)  Decomposition  of  TFE  grommets  occured  when  shelter  air  conditioners 
were  being  operated  in  their  high  heat  mode. 

3)  Decomposing  TFE  grommets  produced  unacceptable  levels  of  decomposition 
products,  many  of  which  were  known  to  be  of  a  hazardous  nature.  Of  these, 
hydrolyzable  fluoride  was  released  in  substantial  quantities,  and  most  likely 
produced  the  symptoms  described  by  those  oersons  who  became  ill  (see  Appendix 
M). 

«)  The  amount  of  decomposition  of  TFE  grommets  was  inversely  proportional 
to  the  return  air  flow  of  the  air  conditioners. 
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S)  Poor  manufacturer's  quality  assurance  allowed  one  air  conditioner  to 
be  delivered  without  a  piece  of  reflective  aluminum  protective  material. 

4.  RECOMMENDATIONS 

Recommendations  made  to  prevent  further  outgasslng  of  heater  rod  Teflon 
(TFE)  grommets  were: 

1)  Remove  heater  rod  TFE  grommets  from  all  shelter  air  conditioners. 

2)  Replace  TFE  grommets  with  acceptable  high-heat  resistant  materials. 

3)  Relocate  the  overtemperature  switches. 

4)  Reform  manufacturer's  quality  assurance  procedures. 

5.  FOLLOW-ON  ACTIVITY 

5.1  PATRIOT  air  conditioner  modifications 

5.1.1  Engineering  Change  Proposal  (ECP1.  ECP  82HE0387,  discussed  In 
paragraph  1.4,  included  two  very  Important  modifications  to  the  PATRIOT  air 
conditioner.  These  modifications  were: 

1)  Change  unfinned  heater  rods  to  finned  heater  rods. 

2)  Relocate  heater  overtemperature  switches  to  make  them  less  responsive 
to -fresh  air  Intake  and  more  responsive  to  unit  Internal  temperatures. 

This  ECP  was  applied  to  all  new  production  air  conditioners  with  82 —  and 
later  serial  numbers.  The  change  to  finned  heater  rods  eliminated  the  earlier 
design  which  used  TFE  grommets  with  unfinned  heater  rods  (see  Appendix  0). 

5.1.2  VSE  quick-fix.  MERAOCOM  requested  YSE  to  develop  a  quick-fix  to  remove 
TFE  grommets  from  80 —  and  81 —  serialed  PATRIOT  air  conditioners.  The 
unfinned  heater  rods  were  retained,  but  a  new  metal  adapter  was  used  to 
replace  the  TFE  gronr»ts  (see  Appendix  P). 

5.1.3  Modification  status.  According  to  MERAOCOM  records  473  PATRIOT  air 
conditioners  were  produced.  Of  these,  234  with  80 —  and  81 —  serial  numbers 
underwent  the  quick-fix  modification,  and  the  remainder  were  produced 
according  to  ECP  82HE0387.  The  air  conditioner  Technical  Data  Package  (TDP) 
was  updated,  to  include  all  known  ECPs,  by  1  January  1984. 

5.2  Fourth  Irritant  exposure  investigation.  On  29  June  1983  the  PATRIOT  air 
conditioners  were  operating  in  the  high  heat  mode,  under  test  condition,  at 
the  Raytheon,  Andover,  Massachusetts  facility.  Employees  testing  an  equipment 
shelter  reported  that  these  two  air  conditioners  produced  objectionable 
odors.  Both  air  conditioners  had  82—  serial  numbers  and  were  therefore 


produced  with  all  £CP  82HE0387  changes  Incorporated  Into  their  design. 

MERAOCPM  requested  VERSAR  to  assist  In  evaluating  this  new  objectionable  odor 
problem.! 

5.2.1  MERAOCPM  evaluation.  MERAOCOM,  assisted  by  VERSAR,  tested  four  82 — 
serial  numbered  air  conditioners  at  their  Fort  Belvoir  facility.  Or  these 
four  units  two  came  from  the  New  Cumberland  Army  Depot,  one  from  Raytheon,  and 
one  from  VSE.  All  units  haa  finned  heater  rods.  The  VSE  unit,  a  82 — 
prototype,  had  heater  rods  manufactured  by  Company  *A*.  whereas  the  other 
three  unit's  heating  rods  were  manufactured  by  Company  *8". 

i 

VERSAR  sampled  and  analysed  air  outputs  of  the  four  units  as  they  operated 
in  the  high  heat  mode.  Test  results  showed  that  Company  *8*  finned  heater 
rods  produced  the  same  objectionable  odor,  a  "new  paint*  odor,  as  reported  by 
Raytheon.  The  odor  was  traced  to  the  heater  rod  paint  coating  used  by  Company 
*8*.  The  odor  was  not  toxic  and  not  hazardous  to  humans.  It  was  most  Intense 
when  the  heaters  were  first  turned  on,  but  diminished  as  the  heaters  were 
used.  Different  air  conditioners  produced  varying  amounts  of  this  odor, 
probably  dee  to  production  variations  of  the  amount  of  paint  applied  to 
Individual  heating  rods  (see  Appendix  Q). 

The jflnal  steps  In  this  evaluation  process  consisted  of  MERAOCOM  personnel 
operating  two  air  conditioners  Installed  in  a  PATRIOT  shelter  at  the  Raytheon 
facility.  After  four  hours  of  exposure  to  the  heated  air,  produced  by  the 
heaters  operating  In  their  high  and  low  heat  modes,  the  MERADCOM  personnel  did 
not  evidence  any  111  effects.  The  paint  odor  was  present  upon  Initial  use  of 
the  heater,  but  became  nondetectable  within  an  hour  after  the  heaters  were 
turned  on  (see  Appendix  Q). 

i 

I 

5.2.2  Investigation  conclusions.  Based  upon  their  evaluation,  MERAOCOM 
concluded  that  the: 

( 

1)  PATRIOT  air  conditioners  with  82 —  serial  numbers  pose  no  special 
hazard  because  of  the  use  of  the  new  painted  heater  elements. 

2)  Odor  of  *new  paint*  recurs  each  time  the  heaters  are  restarted  over 
some  undertermlned  length  of  operating  time. 

3)  PATRIOT  air  conditioners  with  82 —  serial  numbers  are  safe  and  usable 
In  their  heat  modes  (see  Appendix  Q). 

5.2.3  Recommendations.  IOAOCOM's  recommendation  to  the  Project  Manager, 
PATRIOT!  Missile  System,  OARCOM,  was  that  the  82 —  serial  numbered  air 
conditioners  be  released  for  use  In  the  PATRIOT  system  (see  Appendix  Q). 

NOTE:  GFE  PATRIOT  air  conditioners  with  82 —  and  later  serial  numbers  were 
released  for  use  in  the  PATRIOT  system.  Changes  to  the  PATRIOT  manual  were 
not  deemed  necessary,  nor  wure  any  made  with  concern  for  these  air 
conditioners. 
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The  following  Aamploe  wero  taken  frea  the  CRG  #1  '4-8-82}  ,  'located 
at  Bedfords  i .  ! 

Communications  Relay  s«t 

ouia««u  M*s*ilu  system  True*  ^ 

Mounted-AW/MRC-l  17  (XO-1)  | 

rare  no.  ihb /b-u I 
S.rial  Mo.  S80373  '  ! 

Contract  No.  DAAHO1-80-C0001  .  '  . 

Air-Conditioning/n«afear  Unit  Serial  No.  81013*  184.8  hours.  .  , 

■  k  .i’fj 

A  .  _  .  I  1 


ln« ld«  clof#<l 


litmTw  p** 

inside  closed  shelter. 


?1?,4  Hfp-r, 


1.18 

1  1 

"*  j  ! 

J  1 

{  i 

1 

1.18 

!  I 

i  1 

-3  or  1a  -  oas  sampler  C,  f  low'-through  sample  -  five  minute 
flush  -  taken  after  unit  running  for  three  hours. 

4  of  12  -  Charcoal  Tuba  D,  Skinner  6  Sherman  Pump  7896,  1.18 
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rorbovod  •*■  0\a 4®  xda  aholtor  # 
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5  of  12  -  charcoal  Filter  E,  Skinner  £  Sherman  Pump  7898,  1.18!  j 
litars  per  minute,  2  1/2  hours,  177  liters,  AC/3eater! 
removed  —  outside  shelter.  :  I 


Hotai  Diesel  EP  Unit  less  than  three  feet  away  from  shelter  durkn^ 
testing.  The  following  sample  was  taken  froa  the  ICC  #i;  | 

(4-9-82)  located  at  Andover t  •  j 

•  { 

Air-Conditioning/Heater  Unit  j 

Part  NO.  97403ASSY1322L9120  .  .  •  .  i  I 

Serial  No.  81014  .  j  j  j 

364.6  hours  •  i 

1  !  I 

6  of  12  -  Charcoal  Filter  F,  Skinner  &  Sherman  Pump  7896,  1.18  ' 

liters  per  minute,  thrua  hours,  212.4  liters  -  inside  j 

open  shelter,  power  shut  off  for  approximately  5  1/2  ; 

minutes  during  test.  .  ‘  ‘  j  j 

The*  following  samples  were  taken  from  an  Mr-Conditioning/rfeater 
Unit  (4-14-82)  located  at  Dedfordi  i  j 

Sarial  No.  801160,  New  Unit  Zero  Hours  .  .  ,  i 

*  j 

7  of  12  -  Cas  Sampler  G,  flow-through  sample  -  taken  after  unit! 

running  1/2  hour.  •  .  <  i  J 

8  of  12  -  Charcoal  Tube  M,  Skinner  4  Sherman  Pump  7896,  1.18 

liters  per  minute,  one  hour,  70.8  liters,  AC/Heator  !  ] 

outside  shelter.  *  1 

•  .  I  1 

9  of  12  -  Gas  Sampler  I,  flow-through  sample  -  taken  after  unit: 

running  1  1/2  hours.  :  j  ] 

10  of  12  -  Charcoal  Tube  J,  Skinner  s  Sherman  Pump  7897,  1.18  j  j 

liters  per  minute,  two  hours,  141.6  liters,  AC/Heater' 
outsido  shelter.  •  j 

'  !  I 

11  of  12  -  Gas  Sampler  K,  flow-through  sample  taken  after  unit  .  , 

running  2  1/2  hours.  :  I 
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! 


of  12  -  Charcoal  Tub©  L,  Skinner  £  Sherman  Pump  7898/  1.3.8 

liters  per  minute/  three  hours/  212.4  liters,  AC/tf6afcialr 
outside  shelter*  \ 

Kotet  The  above  testing  sequence  started  at  1*30  PMs 

! 

1*37  PM  -  power  shut  off.  i 

t 

1*47  PM  -  power  turned  on.  j 

« 

1*52  PM  -  diesel  EP  Onit  turned  on  outside  building. 

s'  *  ,  i 

1:57  PM  -  power  shut  off.  *j.  • 

%  ’ 

1*58  PM  -  power  turned  on. 

1:59  PM  -  right  side  of  unit  blocked  off. 

•  • 

Note:  During  the  testing  of  the  three  units/  th«  heater  control  J 

were  set  on  warmer  and  high  heat.  J  ’  1 

* 

METHODS  OF  TESTS:  '  ‘ 

s»  i 

Charcoal  Tubes 

Each  charcoal  tube  was  transferred  to  a  flask  and  the  flask  vas 
attached  to  the  mass  spectrometer.  Each  sample  was  slowly  heated 
from  -190*C  to  +125*C  at  a  vacuum  of  10“7  torr.  Mass  spectra  1 
were  measured  from  mass  1  to  mass  500.  1  | 

! 

Gaa  Samplers  . j 

.  :  i 

The  mass  spectrometer  was  pumped  out  to  the  gas  cylinder  inlet.  'A 
background  spectrum  was  then  recordod.  The  gas  cylinder  inlet  was 
then  opened  and  the  mass  spectrum  was  recorded  at  different  sensi¬ 
tivities.  The  intensity  of  each  substituent  could  then  be  converted 
to  percent  concentration  from  the  sensitivity  factor  of  each  molecule. 
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RESULT3 :  ' 

i 

AC/Hcatcr  Unit,  Serial  No.  81013  -  134.8  Hours 

Concentration,  parts  per  million,  by  volume 


Chemical 


Charcoal  Tube 


Gas  Sampler 


Charcoal  Tuba  • 


Contaminant  inside,  3  hours  inside,  3  hours  outside,  3  hours 


Chloroform  y 

00 

« 

o 

0.4 

0.2 

Benzene 

0.3 

0.1 

— 

Toluena 

0.02 

0.03 

» 

Acrolein 

0.05 

0.06 

— — 

AC/TTcater  Unit, 

Serial 

No.  81014 

-  364.6  Hours 

Concentration,  parts  per  million,  by  volume 
Charcoal  Tube 

Chemical  Contaminant  inside,  3  hours 


Trichlorotrifluor oe thane 
Chlorotrifluoroe thane 

Triehlo,  woUiane 
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The  air  sampler  analyses  provide  precise  numbers  (ppm)  for  each  ( 
chemical  contaminant.  The  sample  is  collected  and  then  measured; 


directly  by  mass  spec! roscopy.  The  disadvantage  with  the  air 
sampler  analysis  is  that  it  is  an  instantaneous  reading. 


The  charcoal  tube  procedure  technique  is  less  precir.o.  Problems) 
can  arise  from  trapping  efficiency,  volatilising  after  collection 
and  desorption  efficiency  upon  analysis.  The  main  advantage  with 
tliis  technique  is  the  fact  that  the  potential  contaminants  are  j 
evaluated  continuously  over  a  long  time  period.  1  '  j 


The  Threshold  Limit  Value  for  acrolein  Is  0.1  part  per  million  b 


volume. 


1 


Note:  The  principal  chemists  assigned  to  this  case  were  David 
O.  Bell  and  Robert  E.  Sacher,  Ph.D. 

i  . 

Respectfully  submitted. 


SKINNER  i  SHERMAN  LABORATORIES ,  INC. 


Ralph  Bergor,  P.E. 
President 
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Vers  as* 


VERSAR  ANALYTICAL  REPORT  NO - 113. 3r  - 

to  VSE  Corporation  ON  May  20.  1982 

TO  THE  ATTENTION nc  Mr-  Ralph  Adolph,  Manager,  Testing  Engineering _ 

concerning  Interim  Preliminary  Report  of  Day  3  Testing  for  Inorganics 


SUMMARY  OF  RESULTS: 

Analysis  of  inpinger  samples  fear  cyanide ,  fluoride,  and  chloride  has  been 
caipleted  far  Day  3,  May  18,  1982.  Attached  is  the  preliminary  data  report. 

No  cyanide  or  chloride  was  detected.  However,  fbaoride  was  detected  in  cne 
morning  sample  and  all  three  afternoon  samples.  Both  field  oontrol  samples 
were  blank.  The  afternoon  samples  show  the  ooreentraticn  of  fluoride  in  the 
air  intake  sample  (IF)  is  equivalent  to  the  average  of  the  heated  air  discharge 
samples  (2F  and  3F) .  This  suggests  that  the  air  in  the  vicinity  of  tlie  test 
area  is  being  contaminated  from  another  source  and  does  not  reflect  changes 
due  to  the  heater. 

The  fluoride  levels  detected  are  low  (6-14  ng/1  air) .  Permissible  OSHA 
exposure  for  an  average  work  day  is  a  time  weighted  average  of  2  mg/taP  or 
2,000  ng/1  air.  The  level  established  far  Imminent  Danger  to  Life  and  Health 
(TDLH)  far  30  minutes  exposure  is  13,000  ng/1  air. 
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VSE  CORPORATION 

^OAWCRLV  VALUE  ENGINEEWtNO  COMPANY 


2550  HUNTINGTON  AVENUE 
ALEXANDRIA.  VIRGINIA  22303 

Kay  21,  1982 
0300.032 

Commander 

0.  S.  Army  Mobility  Equipment  Research 
and  Development  Command 
DRDME-EPAT  (F.  Good) 

Fort  Belvoir,  Virginia  22060 

Subject:  Contract  DAAK70-81-D-0109,  Taalc  Order  032 
Dear  Sir: 

In  accordance  with  data  item  A00E  of  the  subject  task  order  please  find  attached 
the  proposed  test  plan  which  will  be  observed  in  determining  the  PATRIOT  Air 
Conditioner  discharge  air  quality.  Air  conditioner  operating  conditions  will 
be  recorded  on  the  attached  sample  data  form. 

If  you  have  any  questions,  please  feel  free  to  call. 

Very  truly  yours, 

VSE  CORPORATION 

Ralph  J.  Adolph 
Project  Engineer 

RJA/djm 
Attachment 
cc:  DRDME-EME 
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PATRIOT  AIR  CONDITIONER 
*  TEST  PLAN 


I.  Purpose.  To  identify  the  possible  source (s)  of  an  apparent 
health  problem  that  has  been  blamed  on  the  air  conditioner  and 
to  gather  information  that  can  lead  to  reasonable  corrective 
action.  The  objectives  of  the  test  should  be: 

a.  Identify  and  quantify  any  substances  given  off  by  the 
air  conditioner  that  could  cause  human  physical  irritation. 

b.  Learn  whether  the  quantities  of  irritants  change  with 
time  and  in  what  way  they  change. 

c.  Identify,  if  possible,  the  sources  of  the  irritants. 

II.  Procedure . 

a.  -Select  a  new,  unused  unit  from  those  presently  :Ln 
storage  at  the  Newington,  VA  warehouse.  Unit  Serial  Number  801191 
has  been* selected. 

b.  Turn  the  unit  over  to  VSE  who  will  conduct  and  supervise 
all  testing.  Mr.  Ralph  Adolph  will  be  in  charge  of  the  testa. 

c.  Perform  a  physical  inspection  of  the  air  conditioner  as 
received,  especially  the  interior  of  the  evaporator  compartment. 
Note  and, record  condition  of  materials  and  components  before  test, 
with  special  attention  to: 

(1)  Insulation 

(2)  Wiring  near  heater  elements 

(3)  Heater  elements 

(4)  Heater  gromments 

(5)  Any  debris  evident  in  compartment 

(6)  All  other  items  particularly  any  non-metal  parts. 

d.  Perform  an  operational  check  to  be  sure  that  the  unit  will 

run  when  tested.  j 

a.  Record  all  operation  time.  Keep  a  record  of  mode  and 
eruditions  while  operating.  Operate  as  little  as  possible  in  the 
heat  mode  before  air  sampling  is  begun. 
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£.  Instrument  the  air  conditioner  to  measure,  as  a  minimum: 

.  (1)  Air  temperature  entering  evaporator  compartment. 

(2)  Air  temperature  leaving  compartment.  (Use 
thermocouple  grids  for  air  temperature.) 

(3)  Insulation  surface  temperatures.  (Measure  about  six 
locations  that  receive  radiant  heat  from  heater  elements.) 

(4)  Temperature  of  some  heater  gromments. 

(5)  Power  consumption  data:  volts,,  amps,  watts. 

g.  Have  air  samples  collected  and  analysed  by  a  competent 
chemical  laboratory.  During  air  sampling  tests  run  air  conditioner 
in  high  heat  mode.  Record  concurrent  data  from  f.  above  during 
air  sampling,  at  regualr  intervals  (perhaps  20  minutes  periods). 

Take  air  samples  in  a  manner  that  will  indicate  how  the  rate  of 
contaminant  production  changes  with  time.  (i.e.  sample  for  "first 
X  minutes,"  sample  for  "next  x  minutes",  etc.)  Continue  sampling 
until  rate  stablizies  or  reduces  to  zero,  but  not  longer  than  40 
operating  hours. 

h.  The  contaminants  to  look  for  should  be  any  organic  or 
inorganid  substances  that  may  be  irritants.  We  suspects,  for 
"openers": 

(1)  Chlorine  based  substances 

(2)  Fluorine  based  substances 

(3)  Acrolein 

(4)  Other  aldehydes 

,  (5)  HCN  or  other  cyanogen  based 

(6)  HCL 

(7^  Paint,  adhesive  components. 

(8)  Plastic,  insulation,  elastomer  components. 

i.  Take  concurrent  background  air  samples  of  air  entering  air 
conditioner  to  eliminate  identifying  things  not  coming  from  the 
air  conditioner. 

j.  Repeat  the  physical  inspection  of  c.  above  at  the  end  of  th 
testing  or  after  any  incident  such  as  apparent  component  failure 
that  may  occur  during  the  test. 

III.  Product  of  Test .  Prepare  a  brief,  informal  report  describing 
the  methods  of  test,  tabulating  all  results  and  giving  whatever 
factual  information  is  collected.  Return  air  conditioner  to  storage 
when  testing  is  completed. 
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1.0  SAMPLING  AND  ANALYSIS  TEST  PLAN 


INIRCDOCnON 


Versar  proposes  the  following  sampling  and  analysis  test  plan  to 
evaluate  the  MERADCQM  Patriot  Air  Conditioner.  The  test  plan  is  designed 
to  identify  and  quantify  using  NIQS3  methodology,  inorganic  and  organic 
substances  given  off  during  operation  of  the  air  conditioner  Aeater . 

Ibis  technical  proposal  contains  the  Sampling  and  Analysis  Test  Plan,  a 
brief  description  of  the  corporate  facilities,  and  a  summary  of  the 
Standard  Versar  Quality  Assurance/Quality  Control  Program. 


Air  samples  will  be  collected  for  performance  of  a  general 
GC/hS  organic  scan  and  of  specific  inorganic  parameter  analysis. 

Sampling  will  be  conducted  over  a  ten  (10)  day  period  with  sanples  being 
collected  on  five  non-consecutive  sampling  days.  Sanpling  activities 
will  be  conducted  starting  on  April  28,  1982.  Versar  recommends  that 
results  be  reviewed  on  the  afternoon  of  the  29th  and  if  necessary  revise 
the  sampling  approach.  The  results  of  the  April  28th  samples  may  result 
in  a  need  to  change  the  basic  approach  provided  below. 

Sampling  methodology  will  use  methods  recoranended  by  the 
National  Institute  for  Occupational  Safety  and  Health  (NIOSH) .  Two  types 
of  sampling  trains  will  be  used.  Air  samples  for  the  organic  scan  will 
be  collected  for  four  (4)  hours  each  run,  with  a  run  in  the  morning  and 
one  in  the  afternoon  using  Tenax  sorbent  material.  A  sample  will  be 
collected  at  the  intake  of  the  heating  system  and  two  replicate  samples 
at  the  outlet.  Samples  collected  for  specific  inorganic  parameters  will 
be  collected  using  midget  impingers.  One  series  of  sables  will  be 
collected  using  0.1  N  NaOH  solution  for  chloride,  fluoridu,  ana  cyanide. 
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Staple*  collected  for  GC/HS  analysis  of  the  organic  substance* 
will  be  collected  on  Tenax  staple  tubes.  A  total  of  three  Tenax  staples 
plus  one  control/  and  three  0.1  N  NaCH  iapinger  solution  will  be 
collected  during  each  four  hour  run.  Runs  of  shorter  duration  are  not 
recoawnded  because  they  would  result  in  lower  detect ira  limits  than 
desired,  rield  controls  will  be  collected  to  ensure  procedures  used  for 
stapling  do  not  introduce  contaainants  into  the  eorbent  which  nay 
interfere  with  analytical  detection  limits.  Air  seaplea  for  the  organics 
will  be  collected  using  a  low- volume  (0.2  liters  per  ainute)  puap  and 
Tenax  sorbent  tubes.  Iapinger  staple*  will  bt  collected  using  a 
high-volume  (1-4  liters  per  minute)  puap  with  the  appropriate  Iapinger 
solution  in  an  individual  aidget  iapinger. 

Strict  quality  control  procedures  will  be  followed  through  all 
phaeee  of  equipaent  preparation,  stapling,  and  preparation  of  staple# 
provided  to  the  laboratory  for  analytical  analysis.  Any  safety 
precautions  necessary  will  be  foilewed  during  preparation  and  stapling 
activities. 

Parser  requests  that  a  modification  be  performed  to  the 
existing  outlet  duct  wort.  This  modification,  we  feel  will  allow  for  a 
acre  representative  staple  to  be  collected.  Me  would  like  an  additional 
aix  foot  extension  to  be  placed  onto  the  ducting  on  the  outlet  side.  The 
dimensions  of  the  new  duct  should  be  S  1/2*  x  30*  X  6',  During  sampling, 
e  tesporary  barrier  should  be  placed  between  the  heater  unit  and  the 
loading  dock  to  protect  the  stapling  area  from  wind  that  may  offset  the 
sampling  activities. 
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1.2  Analyst*  for  Inorganic  and  Or ga.il c  Substances 

1.2.1  Inorganic  Substances 

The  Inorganic  substances  will  be  determined  fro*  air  samples 
collected  in  ispinger  solutions.  These  samples  will  be  analyzed  for  the 
inorganic  subetances  cyuiide,  fluoride,  and  chloride  by  NIOSH 
methodology.  The  methods  are  published  in  the  MIOSH  Manual  of  Analytical 
Methods,  Uoluse  I. 

foe  cyanide  in  air.  Method  PtCAM  116,  the  samples  are  collected 
in  iapingers  that  contain  10  si  of  0.1  M  MaOH.  The  samples  are  analyzed 
using  an  Orion  cyanide  ion  specific  electrode.  The  recommended  range  and 
sensitivity  of  the  method  is  0.112  -  12  mg/m3  in  air. 

for  hydrochloric  acid  determination,  chloride  air  samples  are 
collected  following  NXOSa  Method  P6CAM  115.  Chloride  compounds  in  air 
are  collected  in  midget  impingers  containing  acetate  buffer  (p8  5.0). 
for  the  purpose  of  this  study,  ths  ispinger  solution  will  be  0.1  N  NaCH. 
The  resulting  solutions  are  analyzed  using  a  Orion  chloride  ion  specific 
electrode.  The  rsnge  of  the  method  is  0.1  to  1750  mg/m3  for  a 
200-liter  air  aeaple. 

for  hydrogen  fluoride  in  air,  Method  PtCAM  117  specifies 
collection  of  the  air  samples  in  10  al  of  0.1  M  MaGB.  The  air  sample 
ispinger  solution  used  for  this  analysis  will  be  the  sane  as  that 
collected  for  cyanide.  The  ispinger  solution  ia  diluted  with  total  Ionic 
Strength  Adjustment  Buffer  (TXSAfl)  and  the  diluted  samples  are  analyzed 
using  an  Orion  fluoride  ion  specific  electrode.  The  analytical  range  of 
the  saethod  is  0.05  to  475  ag/a3. 

1.3  Organic  Substances,  GC/XS  Analysis 

The  air  samples  collected  on  Tenax  and  charcoal  will  be 
analyzed  by  GC/MS  for  organic  substances.  A  general  organic  scan  will  be 
performed. 
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Prior  to  analysis  of  samples,  the  GC/KS  will  be  calibrated  to 
PC-43  and  tha  calibration  checked  by  a  dir act  injection  of  DFTPP.  Tha 
sample  tubas  will  than  ba  analyzed  by  thermally  adsorbing  tha  trapped 
organics  onto  an  SP  1000  gas  chromatographic  column  with  a  flow  of  helium 
carrier  gas.  The  sample  will  than  ba  introduced  into  tha  mass 
spectrometer  by  tesperature  programming  tha  colimn  from  45°C  to  2S0°C. 

I 

for  comparison  purposes,  a  sasple  will  also  ba  collected  on 
charcoal  during  tha  first  day  of  saopling.  Tha  sample  tuba  will  ba 
desorbed  with  an  organic  solvent  and  analyzed  by  QC/MS  using  tha  same  gas 
chromatographic  conditions  as  above. 
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DEPARTMENT  OF  THE  ARMY 

US  ARMY  MOS4UTV  EQUIPMENT  RESEARCH  ft  DEVELOPMENT  COMMAND 
TORT  BELVOIR.  VIRGINIA  220S0 


JUN  16  198? 


DRDME-EPAT  v 

SUBJECT:  PATRIOT  Air  Conditioner  Testing  for  Toxic  Gases 


Project  Manager 

PATRIOT  Missile  System,  DARCOM 
ATTN:  DRCPM-MD-T-C  (Mr.  Huie) 
Redstone  Arsenal,  AL  3S898 


Attached  (Incl  1)  for  your  information  are  the  ninutes  for  the  aeeting  held 
on  8  June  1982  to  discuss  subject  item.  The  POC  for  the  effort  at  tCRAOCOM  is 
George  Sams,  AV  3S4-S871  or  Comm.  (703)  664-5871. 

FOR  THE  COWANDER:  ,  ^ 


.X 

1  Incl 

V 

as 

* 

.V 

CF: 

/John  e.  waddicx 

'A/ Development  Project  Officer 
PATRIOT  Support  Project  Office 


_  VSS.  (Mr.  Adolph,  Mr.  Caldwell,  Hr.  SheTfy? 

US  AEHA  (Mr.  Valis,  Mr.  Esposito) 

MERADCOM  Safety  Ofc  (Mr.  longe) 

Skinner  8  Sherman  (Mr.  Dalzell,  Mr.  Berger) 

PATRIOT  Prog  Ofc,  Raytheon  (Mr.  Arsevault) 

Raytheon,  Bedford  (Mr.  Granese) 

VERSAR  (Mr.  Richards,  Mr.  Renan,  Mr.  Powers) 

MERAJDCOM  (Mr.  Waddick,  Mr.  Brantly,  Mr.,  Ur  son,  Mr.  Sams,  Mr.  Good) 
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DRDKE-EPAT  U  June  1982 

SUBJECT:  Mi nu tea,  Coordinating  Meeting  on  Testing  of  PATRIOT  Air  Conditioner, 

VSE  Corporation,  8  June  1982 

1.  Short  Concise  Synopsis  of  Meeting:  The  purpose  of  the  meeting  wee  to  obtain 
an  agreement  on  a  coordinated  teat  plan,  teat  Instrumentation  and  analysis  pro¬ 
cedures  for  follow-on  testing  of  PATRIOT  Air  Conditioners. 

2.  Personnel  Present:  See  attached  list. 

3.  Discussion:  Outgasslng  tests  conducted  by  Raytheon/Skinner  and  Sherman  Labs 
and  MERADCOM  (VSE/VERSAR)  on  the  PATRIOT  18,000  BTOH  Air  Conditioner  and  the  Army 
Environmental  Hygiene  Agency  (AZHA)  on  an  Army  Standard  Horizontal  18,000  BTUH 
Air  Conditioner  pitrvided  entirely  different  data  as  to  the  content  of  the  gasea 
present  In  the  air  flow  of  the  air  conditioner.  It  should  be  noted  that  both  of 
the  above  air  conditioners  were  manufactured  by  KZCO.  As  a  result  of  this  wide 
difference  in  test  data,  the  PATRIOT  Office  requested  MERADCCH  to  taka  the  lead  in 
coordinating  and  finalizing  a  plan  of  test  as  well  as  to  initiate  testing  of  new 
production  air  conditioners. 

Prior  to  the  meeting,  MERADCCH  forwarded  to  Raytheon  and  AZHA  a  proposed  draft  test 
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plan. 

MERADCCH  (PATRIOT  DPT))  reviewed  the  purpose  of  the  meeting  to  be  assured  that 
everyone  was  aware  of  the  urgency  of  this  test  program  and  the  necessity  of  arriving 
at  an  agreed  upor  teat  plan  Including  teat  and  analysis  of  data  by  one  company.  This 
was  later  changed  to  have  AEHA  and  Skinner  and  Sherman  Labs  do  duplicata  analysis  for 


& 


greatar  creditability  in  the  results. 

There  wea  considerable  discussion  of  the  effort  performed  by  VSE/VEaSAR  on  a  pro¬ 
duction  PATRIOT  air  conditioner,  on  the  effort  of  AEHA  on  the  standard  air  conditione 
th«  problems  that  Raytheon  hes  experienced  at  their  plant  and  the  ensuing  effort  by 
Skinner  and  Sherman.  This  discussion  was  considered  essential  to  establishing  a 
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SU3JECT:  Minutes,  Coordinating  Meeting  on  Testing  of  PATRIOT  Air  Conditioner, 

VSE  Corporation,  8  June  1982 

coordinated  test  program.  Since  Raytheon/Skinner-Sherman  found  the  large  quantities 
of  constituents  in  their  tests,  it  was  agreed  that  a  test  plan  should  be  generated 
around  the  verification  of  the  existence  of  those  constituents  in  the  air  flow 
from  the  air  conditioner. 

The  following  plan  was  drafted  and  agreed  to: 


CONSTITUENTS 

SAMPLING  METHOD 

ANALYSIS 

Acrolein 

Tenax  (cooled) 

HK 3C/MS 

Aromatics 

Tenax  (cooled) 

HRGC/MS 

Phalates-Unlversal  (others) 

Charcoal 

HRGC/MS 

Formaldehlde 

Std— NIOSH-biaielf ides 

Standard 

Hydrogen  Cyomlde 

Std-NIOSH-OLIN  NAOH 

Standard 

VERSAR  agreed  to  draft  the  sampling  plan,  coordinate  it  with  AEHA  and  Raytheon/ 
Sklnner-Sherman  and  have  a  final  plan  to  MERADCCM  by  11  June  1982.  The  sampling 
plan  will  include  the  tasting  of  four  new  production  air  conditioners  for  a 
period  of  three  hours.  During  those  three  hours  of  operation,  there  will  be  three 
one-hour  samples  taken.  The  plan  will  indicate  that  VERSAR  will  perform  analysis 
on  100Z  of  samples,  Raytheon/Skinner-Sherman  on  25Z  of  samples  and  AEHA  on  25Z  of 
samples. 

The  test  will  begin  on  or  about  28  June  1982  and  be  completed  by  16  July  1982.  The 
draft  test  report  is  due  out  by  23  July  1982. 

4.  Cc nclusions:  The  coordination  meeting  is  considered  a  success  for  the  following 
reasons: 

a.  A  test  plan  was  formulated  and  agreed  to  by  MERADCOM,  Raytheon  and  AEHA 
for  the  purpose  of  determining  the  existance  of  certain  constituents  in  the  air 
flow  ‘rota  the  PATRIOT  air  conditioner. 
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DRDME-EPAT  11  June  1982 

SUBJECT:  Minutes,  Coordinating  Meeting  on  Testing  of  PATRIOT  Air  Conditioner, 

VSE  Corporation,  8  June  1982 

b.  A  working  relationship  was  established  between  the  government,  Raytheon 
and  the  commercial  laboratories  in  an  attempt  to  resolve  this  potential  problem. 

c.  The  test  program  is  a  very  ambitious  one  and  every  effort  will  be  made  to 
complete  it  at  the  earliest  date. 

5.  Action:  The  following  actions  were  agreed  to: 

a.  VERSAR  will  draft  the  sampling  plan  and  coordinate  it  with  AEHA  and 
Raythecm/Skincer-Sherman  on  9  June  1982.  The  final  coordinated  plan  will  be 
forwarded  to  MERADCOM  by  11  June  1982. 

b.  Teats  will  begin  on/about  28  June  1982  at  VSE  Corporation  on  four  units 
as  outlined  in  the  above  plan.  Including  the  sampling  plan.  However,  this  date 

is  dependent  on  awarding  a  new  Task  Crder  to  VSE  to  cover  the  effort  on  that  date. 
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8  June  1982 


LIST  OP  ATTENDEES 
COORDINATION  MEETING  ON  TESTING  OP 
PATRIOT  AIR  CONDITIONER 


NAME 

ORGANIZATION 

PHONE  NO.  HI 

Ralph  Adolph 

VSE 

703-960-4600  M 

Robert  Valla 

US  AEHA 

301-671-2208  £§ 

George  Espoalto 

US  AEHA 

301-671-2208  Ed 

Bryan  Longe 

MERADCOM  Safety 

703-664-2681  M 

Robert  McJCechnie 

MERADCOM  PATRIOT  Office 

703-664-5871  gj 

Hal  Dal z ell 

Skinner  &  Sherman 

617-890-7200  H] 

| '  Ernest  Arsevault 

PATRIOT  Prog  Ofc,  Raytheon 

617-475-5000  3 

Ralph  Berger 

Skinner  &  Sherman 

617-890-7200 

George  Sana 

MERADCOM  PATRIOT  Office 

703-664-5871  M 

Andy  Graneae 

Raytheon  -  Bedford 

617-274-7100  ig 

703-750-3000  jg 

John  Richards 

Versar  Inc 

Richard  Rooan 

Versar  Inc 

703-750-3000  p§ 

Scott  Powers 

Versar  Ins 

703-750-3000  « 

703-960-4600 

Robert  Caldwell 

VSE,  Program  Manager 

Robert  Sharfy 

VSE 

703-960-4600 

Incl  1 
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0RDW-1PAT  W 1 8  1982 

SUBJECT:  Test  Plan  fox  Follow-On  Out gassing  Tests  on  PATRIOT  Air  Conditioner 


Project  Manager 

PATRIOT  Missile  System,  DARCOM 
ATTN:  DJOH-MD-T-C  (Mr.  Hnie) 
Redstone  Arsenal,  AL  35898 


1.  Reference  is  made  to  the  Coordination  Meeting  held  on  8  June  1982  between 
representatives  of  MERADCOM,  Raytheon,  Any  Environmental  Hygiene  Agency  (AEHA) , 
VSE,  YERSAR,  and  Skinner  |  Sherman  to  finalize  the  subject  test  plan. 

S 

2.  Inclosed  is  a  copy  of  the  test  plan  that  has  been  concurred  by  the  three 
laboratories  (AEHA,  Skinner  8  Sherman,  and  VERSAR)  who  will  be  involved  in  the 
effort. 

3.  Plana  are  to  initiate  the  preliminary  validation  study  by  VSE /VERSAR  during 
the  week  of  21  June  1982  and  the  testing  of  the  four  (4)  PATRIOT  Air  Conditioners 
beginning  28  June  1982.  The  final  draft  report  is  due  NLT  28  July  1982. 

FOR  THE  COMMANDER: 

1  Incl  ROBERT  M.  McXECHNZS 

as  Development  Project  Officer 

PATRIOT  Support  Project  Office 

CF: 

Army  Environmental  Hygiene  Agency 

Raytheon  Company 

DARCOM,  DRCSC  (LTC  Vorpahl) 

COMET,  USAADS,  ATTN:  ATSA-TSM-P,  Ft.  Bliss,  TX  79916 


patriot  air  conditioner 


I.  Purpose.-  To  identify  the  possible  source(s)  of  an  apparent  health  problem  S 
that  has  been  blamed  on  the  air  conditioner  and  to  gatheir  information  that  can  ” 
lead  to  reasonable  corrective  action.  Jhe  objectives  of  the  test  should  be: 

8 

a.  Identify  and  quantify  any  substances  given  off  by  the  air  conditioner  .thiii 
could  cause  human  physical  irritation. 

b.  Learn  whether  the  quantities  of  irritants  change  with  time  and  in  what  waf^ 

they  change.  .  •  ... 


c.  Identify,  if  possible,  the  sources  of  the  irritants.  •  K 

II.  Procedure.  ,  n 

.  *0 

a.  'Select  new,  unused  production  units  from  those  presently  in  storage 

Newington,  VA  warehouse.  t  r j 

b.  Turn  the  units  over  to  VSE  who  will'  conduct  and  supervise  all  testing. 


c.  Perform  a  physical  inspection  of  each  air  conditioner  as  received,*  espec?*' 

the  interior  of  the  evaporator  compartment.  Note  and  record  condition  of  mater^- 
and  components  before  tests,  with  special  attention  to:  g 

(1)  Insulation  '  «. 

(2)  Wiring  near  heater  elements  * 

(3)  Heater  elements  " 

(4)  Heater  gTomments 

(5)  Any  debris  evident  in  compartment  ...  ?•] 

(6)  All  other  items  particularly  any  non-metal  parts.  a 

d.  Perform  an  operational  check  to  be  sure  that' each  unit  will  run  when  tes?^. 

e.  Record  all  operation  time.  Keep  a  record  of  mode  and  conditions  while 

operating.  Operate  as  little  as  possible  in  the  heat  mode  before  air  sampling  P>5 
is  begu*.  ■  “* .  £ 

f.  _  Instrument  the  air  conditioners  to  measure,  as  a  minimum:  n;; 

,  '  .  ii 

(1J  Air  temperature  entering  evaporator  compartment. 

JO 

(2)  Air  temperature  leaving  compartment.  (Use  thermocouple  grids  for  air  % 

temperature) .  . 

•V 
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,t  insui.A.x,ion  surzace  ceapu..  .  w  *uwu£  »xa  *uc*Uwiu  u»ac 

ive  radiant  heat  from  hfcater  elements). 

(4)  Temperature  of  some  heater  grooaents.  *  •  r  • 

(5)  Power  consumption  data:  volts,  anps,*  watts, 

*g.  Each  air  conditioner  shall  be  provided  with  a  discharge  duct  to  direct 
conditioned  air  away  from  the  units  return  air  intake.  To  simulate  the  effect  of 
ductwork  on  the  air  conditioner  the  return  air  intake  shall  be  partially  blocked 
to  produce  a  negative  pressure  in  the  heater* compartment .  Similarly  the  discharge 
duct  shall  be  partially  blocked  to  produce  positive  discharge  pressure.  Combined 
negative  and  positive  pressures  shall  not  exceed  O.S"  water  gage.  "(i.e.,  minus 
0.3”  wg  and  positive  0.2”  wg) .  The  outside  air  intake  shall  be  used,  with  filter, 
during  the  test  operation. 

h.  Have  air  samples  collected  and  analyzed  by  VERSAR  as  "outlined  in  -their 
Addendum,  "Analytical  Method  References”  dated  28  May  1982.  .During  air  sampling 
tests  run  air  conditioner  in  high  heat  mode.  Record  concurrent  data  from  f.  above 
during  air  sampling,  at  regular  intervals  Cp«haps  20  minut  periods).  Take  air 
samples  in  a  manner  that  will  indicate  how  the  rate  of  contaminant  production  chang* 
with  time-.*-  Ci.e.,  sample  for  "first  X  minutes",  sample  for’hext  X  minutes",  etc). 
Continue  sampling  until  rate  stabilizies  or  reduces  to  zero,  but  not  longer  than 

40  operating  hours. 

i.  The  contaminants  to  look  for  should  be  any  organic  or  inorganic  substances 
that  my  be  irritants.  Possible  contaminants  are: 

(1)  Chlorine  based  substances  • 

(2)  Fluorine  based  substances  • 

(3)  Acrolein  • 

(4)  Other  aldehydes  »  *, 

(5)  HCN  or  other  cyanogen  based  •  / 

C6)  HCL  •  .  •  " 

(7)  Paint,  adhesive  components 

C8)  Plastic,  insulation,  elastomer  components 

j.  Take  concurrent  background  air  samples  of  air  entering  air  conditioner  to 
eleminate  identifying  substances  not  cooing  from  the  air  conditioner. 

s  k.  Repeat  the  physical  inspection  of  c.  above  at  the  end  of  the  testing  or 
after  any  incident  such  as  apparent  component  failure  that  may  occur  during  the 
test. 

III.  Product  of  Test.  Prepare  a  report  describing  the  methods  of  test,  tabulating 
all  results  and  giving  whatever  factual  information  is  collected  including  an 
analysis  of  ‘the  data.  The  analysis  should  include  a  table  that  depicts  measured 
values  vs  acceptable  tolerance  levels.  Return  air  conditioner  to  storage  when 
testing  is  completed. 
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Took  Order  Ho.  0039 

DAAK70-81-D-0109 


STATEMENT  07  WOKS  AHD  SEX7IQS 


Tho  Cone roc tor  oholl  provide  engine* ring  evaluation,  documentation,  and 
tooting  aarvlcos  in  support  of  tho  PATRIOT  Program,  Specif ieally,  tho 
Contractor  shall  toot  and  evaluate  four  PATRIOT  Air  Conditioners  for 
irritant  amiooiono  with  tho  purpose  of  identifying,  if  poseible,  tho 
oourca(o)  of  an  apparent  health  problem  that  may  be  caused  by  these 
air  conditioners.  This  work  is  to  be  performed  in  accordance  with  the 
requirements  of  Section  C. ,  paragraph  C.l  and  B.l  of  the  basie  contract. 
The  Contractor  shall  also  identify,  quantify,* and  document  any  substance 
given  off  by  the  air  conditioner  that  could  cause  physical  irritation  and 
idenclfy  sources  of  the  irritants,  in  accordance  with  B.l  and  B.6  of  .the 
contract. 
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A  copy  of  KERADCON  Test  Plan  is  inclosed  for  revision  end  testing  purposes, 

Deliverablae;  Data,  CLIH  0002,  in  accordance  vith  Exhibit  A,  SO  1423, 
Sequence  Items  A0Q5,  A00H  and  A00K,  apply. 

Mr.  John  Vaddlck,  664-3871,  is  the  Contracting  Officer's  Representative 
for  this  Task  Order. 

The  Completion  Date  is)  30  July  1982. 
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Extract  fro«  YERSAR  Report  "Results  of  Saopllng  and  Analysis  Conducted  on  Four 
PATRIOT  Heater/Air  Conditioners  at  the  VSE  Corporation  Facility:  Alexandria, 
Ylrglna". 
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2.0  SMffUNS 

2.1  Introduction 

Vtersar  was  contracted  by  VSE  Corporation  to  sample  the  exhaust 
air  of  four  MERADCCM  PATRIOT  Heater /Air  conditioners  for  selected 
inorganic  and  organic  compounds  as  described  in  the  Test  Plan  dated  June 
11,  1982  (see  Appendix  1} .  The  intake  air  of  each  unit  was  sampled  to 
determine  baseline  ambient  conditions.  The  sampling  of  the  PATRIOT  units 
was  conducted  at  VSE's  facility  in  Alexandria,  Virginia  on  June  30  and 
July  2,  1982.  The  project  wus  performed  with  each  Heater/Air  conditioner 
operating  continuously  during  sampling  in  the  high  heat  mode,  in  an 
attempt  to  verify  the  existence  of  potentially  hazardous  compounds 
generated  in  the  unit.  Sampling  techniques  were  used  which  would  allow 
the  detection  of  the  target  parameters  acrolein,  aromatics  (less  then  120 
molecular  weight) ,  a  broad  range  of  organic  compounds,  formaldehyde  and 
hydrogen  cyanide. 

2.2  Facility  Description 

As  each  of  the  four  MERADCCM  PATRIOT  Heater/Air  conditioners 
was  to  be  tested,  it  was  positioned  on  a  table  near  an  overhead  bay  door 
in  the  shop  area.  Intake  and  exhaust  ducts  were  then  connected  to  the 
unit.  The  ten-inch  diameter  intake  duct  terminated  at  a  point  along  the 
exterior  wall  of  the  building  approximately  three  feet  from  the  edge  of 
the  overhead  bay  door  frame.  Thus,  intake  air  originated  from  an  area 
away  from  the  unit '3  exhaust. 

The  rectangular  exhaust  duct  extended  approximately  two  feec 
from  the  face  of  tne  unit.  The  duct  was  partially  closed  at  the  end, 
leaving  a  2.5  incn  x  29.5  inch  opening,  to  create  a  static  pressure  of 
approximately  0.4  incnes  of  water  inside  the  neater  to  simulate  actual 
operation  in  a  field  application.  Venicjlar  traffic  was  restricted  in 
tne  immediate  area  of  tne  intake  during  testing. 

The  ductwork  descriced  aoove  was  used  for  each  of  the  four 
units.  As  tne  testa  for  eacn  unit  were  completed,  that  unit  was  removed 
■and  replaced  with  tne  next  unit.  The  ductwor.<  was  then  connected  to  tne 
new  'unit. 
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Testing  of  the  PA3RI OT  units  was  conducted  by  Versar  personnel 
on  two  non-ccnsecutive  days.  Two  units  were  tested  each  day  on  June  30 
and  JUly  2,  1982.  Three  one-hour  tests  were  conducted  on  each  unit.  The 
total  number  of  samples  collected  is  summarized  in  Table  3.  Curing 
Vlsrsar's  sampling  activities,  VSE  Corporation  personnel  recorded  ambient, 
unit  intake,  and  unit  exhaust  temperatures  at  15-aixute  intervals  as  well 
as  voltage,  wattage,  Hobbs  hours  meter  recordings,  and  static  pressure 
created  by  unit  operation. 


The  following  list  represents  the  equipment  used  to  collect  the 
first-hour  set  of  samples  from  each  of  the  four  units: 


9  Umax  tubes  (3  tubes  were  field  blanks) 

9  Charcoal  tubes  (3  tubes  were  field  blanks) 

2  Midget  impingers,  standard 

8  Midget  impingers,  fritted 
6  Liquid  traps 
6  Bendix  pumps 
2  Electric  vacuum  pumps 
2  Six-tube  manifolds 

10  Sample  bottles 

1  Liter  0.1  M  sodiirn  hydroxide  (NaCH)  stock  solution 
1  Liter  1%  sodium  bisulfite  (NaHS03)  stock  solution 
Ice  packs 
lygon  tubing 

8efore  collecting  samples,  impingers  were  cleaned  according  to 
the  following  procedure: 

a)  ^ash  with  mild  detergent 

b)  Rinse  with  water 

c)  Rinse  with  1:1  nitric  acio 

d)  Rinse  six  times  with  deionized  water 

e)  Shaxe  out  excess  water. 
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SONAR?  CP  TOTAL  SAMPLES  QXIflCTED  FOR  PATRIOT  HEATER/ 
AIR  CaPmCJER  PER  UNIT  AM)  PER  FOUR  UNITS 


Blanks  Recovery  Unit  4  Uhit 
Bchauat  Intake  Field  Lab  Spike  Summary  Sunnary 


Hour  1 
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Recovery  Spike 

— 

— 

— 

— 

3* 

3 

3* 

Ttenax  Hites 

3** 

3** 

3** 

3** 

— 

12 

48 

Charcoal  Tubes 

3** 

3** 

3** 

3** 

— 

12 

48 

0.1M  JteCH 

1 

1 

1 

— 

— 

3 

12 

It  NSHS03 

2+ 

2+ 

2+ 

6 

24 

Hour  2 

Ttenax  Hites 

3** 

3** 

_  ' 

6 

24 

Charcoal  Hites 

3** 

3** 

— 

— - 

— 

6 

24 

0.1M  NaOH 

1 

1 

— 

— 

— 

2 

8 

It  NaHS03 

2+ 

1 

3 

12 

Hour  3 

Tenax  Hites 

3** 

3** 

1 

1 

— 

8 

32 

Charcoal  Hites 

3** 

3** 

1 

1 

— 

8 

32 

O.JjM  NaCH 

1 

1 

— 

— 

— 

2 

8 

1%  NaHS03 

2+ 

1. 

— 

— 

— 

3 

12 

y; 


74 


287 
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A  recovery  spike  on  Tenax  was  prepared  by  Versar  and  submitted  to 
U.S.  AfflA  and  Raytheon/Skinner  &  Sherman  as  'well  as  Versar  for 
analytical  analysis  during  the  first  unit's  operation. 

Duplicate  Tenax  and  charcoal  samples,  ^nd  olanks  were  collected  ar.d 
submitted  to  U.S.  ASIA  and  Raytheon/Skinner  &  Sherman  for  analysis. 
Duplicate  1%  NaHSOj  {sodium  bisulfite)  ui^inger  samples  and  field 
blanks  were  collected  and  sutmitted  to  Raytheon/Skinner  4  Sherman 
for  analysis  of  acrolein  using  NIOSH  P&CPW  211  methodology. 
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Wcnuuia. 

m  the  field,  the  iiqpingers  were  cleaned  between  sampling  sets  by  first 
rinsing  with  deionized  water  and  then  rinsing  with  the  particular 
impinger  solution  to  be  used  in  the  impinger. 

The  sanpling  lines  for  the  impinger  traps  and  the  glass  sorbent 
trap  tubes  were  inserted  directly  into  the  ducts  at  the  points  indicated 
in  Figure  1.  The  intake  locations  were  on  the  cowl  that  joined  the  round 
intake  duct  to  the  face  of  the  air  conditioner,  approximately  IS  inches 
in  front  of  the  face  of  the  unit.  The  exhaust  locations  were 
approximately  15  inches  from  the  face  of  the  exhaust  side  of  the  unit. 

2.4.1  Day  Che  -  June  30 
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Ch  Day  Che,  June  30,  two  PATRIOT  Heater /Air  conditioner  units  were 
tested.  These  units  were  designated  as  unit  A  (serial  #801193)  and  unit 
B  (serial  #801198) .  Each  unit  was  subjected  to  three  1-hour  tests  and 
operated  continuously  in  the  high  heat  mode  during  testing. 

During  tne  first  hour,  samples  were  collected  at  the  points 
indicated  as  1  -  18  in  Figure  1.  The  samples  collected  at  points  i,  9, 
17,  and  18  were  to  be  analyzed  for  acrolein  and  formaldehyde.  These 
samples  were  collected  by  drawing  air  through  1%  NaHSO^  impinger 
solution.  Each  sampling  train  consisted  of  two  fritted  midget  impingers 
connected  in  series,  each  containing  15  ml  of  impinger  solution.  Bendix 
high-flow  jumps  were  used  to  draw  air  through  the  sampling  train  at  a 
rate  of  333  ml/tain  from  points  9,  17,  and  18  and  317  ml/tein  from  point 
1.  A  liquid  trap  was  installed  between  the  impingers  and  each  pump  to 
prevent  inpinger  solution  from  accJ iently  being  drawn  into  the  pump. 

For  tiie  collection  of  eacn  impinger  sample  for  acrolein  and 
formaldehyde,  one  end  of  a  flexible  Tygon  tuoe  was  placed  at  the  desired 
sampling  location  and  the  other  end  connected  to  the  sampling  train.  The 
pump  was  tnen  started  and  allowed  to  run  for  one  hour.  Afterward,  the 
solution  from  tne  two  impingers  was  combined  and  poured  into  a  laoeled 
sample  cottle  and  placed  into  3  portable  cooler  at  4°C. 
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The  samples  collected  at  points  2  and  10  were  to  be  analyzed 
for  hydrogen  cyanide.  These  samples  were  collected  by  drawing  air 
through  a  0.1  M  NaCH  impinger  solution.  Each  sampling  train  consisted  of 

one  standard  midget  impinger,  containing  15  ml  of  impinger  solution, 

! 

followed  by  a  liquid  trap.  Bend  Lx  high-flow  pimps  were  used  to  draw  air 

through  the  sampling  trains  at  a  rate  of  1,000  ml/tain. 

; 

Ebr  the  collection  of  each  hydrogen  cyanide  sample,  one  end  of 
a  flexible  Tygon  tube  was  placed  at  the  desired  sampling  location  and  the 
other  end  connected  to  the  sampling  train.  The  pump  was  then  started  and 

i 

allowed  to  run  for  one  hour.  Afterward,  the  impinger  solution  was  poured 
into  a  labeled  sample  bottle  and  placed  in  a  portable;  cooler  at  4°C. 

i 

The  samples  collected  at  points  3,  4,  5,  34,  12,  and  13  were  to 

j 

be  analyzed  for  acrolein.  These  samples  were  collected  by  drawing  air 

i 

througn  traps  made  of  18  cm  x  6  mm  OD  glass  tubes  packed  with  6  an  of 
Ttenax  GC.  Before  sampling,  the  traps  were  pre-conditioned  for  12  hours 
at  250 °C  with  a  heliian  flow  rate  of  5  ml  Alin.  A  manifold  was  constructed 
which  allowed  one  pump  to  draw  air  through  all  six  of  the  Tfenax  traps. 
The  pump  was  adjusted  to  pull  100  mlAiin  of  air  through  each  of  the  tubes. 

Holes  were  drilled  in  the  duct  walls  to  allow  the  traps  to  be 
inserted  directly  into  the  duct  at  the  appropriate  points.  Styrofoam 
holders  were  constructed  to  secure  the  traps  in  a  vertical  position. 
Each  holder  also  accommodated  three  ice  packs  which  were  used  to  cool  the 
traps  to  a  temperature  of  50°  -  60°F.  For  sample  collection,  the  tubes 
were  connected  co  the  mc.iifold  and  inserted,  between  the  ice  packs,  into 
the  duct  (three  at  t;je  intake,  three  at  the  exnaust) .  Flexible  T/gon 
tuning  was  used  to  connect  the  manifold  to  the  vacuum  pump.  The  pump  was 
started  and  allowed  to  run  for  one  hour.  Immediately  afterward,  the 
tubes  were  removed  from  the  manifold,  capped,  and  labeled. 

The  samples  collected  at  points  5,  7,  8,  14,  15,  and  16  'were  to 

I 

oe  analyzed  for  aromatics  and  general  organic  compounds.  These  samples 
were  collected  by  drawing  air  througn  two-section  charcoal  tunes  (  400  mg 
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front  section;  200  mg  break-through  section)  purchased  from  SKC  Inc. 
(catalogue  number  226-09).  Sample  collection  procedures  for  the  charcoal 
traps  were  identical  to  those  described  for  the  Tenax  traps. 

In  addition  to  samples  1  -  18,  the  first-hour  sample  set 
contained  the  following  field  blanks: 

3  Denax  traps 

3  Charcoal  traps 

1  0.1  M  NaOti  impinger  solution 

2  1%  NSHS03  impinger  solution 

The  Tfenax  and  charcoal  blanks  were  prepared  by  opening  the  ends  of  the 
tubes  inserting  into  the  manifold,  and  then  resealing  them  with 
appropriate  caps.  The  NaOH  and  NaBSQj  impinger  solution  blanks  were 
prepared  by  pouring  15  ml  of  the  appropriate  solution  into  a  clean 
impinger  and  then  into  a  labeled  sample  bottle  and  placed  in  a  cooler  a 
4°C  for  transportation  to  the  analytical  labs. 

During  tne  second  hour  of  testing,  samples  were  collected  from 
points  1-17.  The  collection  procedures  for  each  of  these  samples  were 
identical  to  those  of  the  first  hour.  As  scheduled  in  the  Test  Plan,  no 
field  blanks  were  prepared  during  the  second  hour. 

During  the  third  hour  of  testing,  samples  were  again  collected 
from  1  -  17  in  the  same  manner  as  described  for  the  first  hour.  Also, 
the  following  field  blanks  were  prepared: 

1  Tenax  trap 

1  Charcoal  trap 

These  blanks  were  prepared  according  to  the  same  procedures  as  those 
described  for  tne  first-nour  blanxs. 

2.4.2  Day  TWo  -  July  2 

Cn  the  second  day  of  sampling,  two  additional  PATRIOT 
heater/air  conditioners  were  tested.  These  units  were  designated  as  unit 
C  (serial  4801188)  and  unit  D  (serial  4301135)  .  Eacn  unit  was  suo]ected 
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to  three  one-h.:ur  tests,  which  were  similar  to  those  described  in  Section 
2.4.1  except  for  tne  following  changes: 

1.  Ice  packs  were  used  to  cool  the  1%  Nai-SC^  impingers 
(sampling  points  1,  9,  17,  and  18).  Also,  the  air  flow  rate 
through  tnese  impingers  was  increased  to  1000  ml/fain. 
finally,  after  each  sampling  run,  the  solutions  from  the  two 
in-line  impingers  were  poured  into  two  separate  sample 
bottles. 

2.  The  volume  of  solution  in  the  0.1  M  NaCH  impingers  (sampling 
points  2  and  10)  was  decreased  from  15  to  10  ml.  Also,  the 
air  flow  rate  througn  these  impingers  was  increased  to  1235 
ml/tain  from  1000  ml/nin. 

Field  blanks  were  prepared  according  to  the  same  schedule  and  procedures 
as  described  for  the  day  one  tests,  except  that  the  0.1  M  NaOH  blanks 
were  reduced  in  volune  to  10  ini. 

2.5  Sample  Handling 

Immediately  after  each  one-hour  sampling  run,  all  samples  were 
appropriately  sealed  and  placed,  with  ice  packs,  in  coolers.  Ihey  were 
maintained  in  this  refrigerated  condition  until  returned  to  the 
laboratory.  There,  the  appropriate  samples  were  either  turned  over  to 
Vtersar's  laboratory  or  prepared  for  shipment  to  Skinner  &  Sherman  and 
U.S.  AJEHA.  The  latter  were  packed  in  ice  (blue  ice)  and  shipped  via 

federal  Express  and  delivered  the  next  day.  A  completed  chain-of-custody 
record  (see  Appendix  III)  accompanied  the  samples  for  eacn  laboratory. 
The  chain-of-custody  records  also  contained  sampling  duration  and  sampled 
volume  data. 

2.6  .  Air  volume  Data  Calculations 

The  volume  of  air  sampled  at  each  point,  as  reported  on  tne 

chain-of-custody  record,  was  determined  from  the  known  sampling  duration 

and  the  calibrated  flow  rates  of  tne  sampling  pumps.  This  volume  was 

calculated  as: 
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Sampled  itolume 


Sampling  Duration  (time)  x  Flow  Fate 


volume 

time 


Prior  to  eacn  sampling  day,  the  pumps  were  calibrated  with  the 
appropriate  sampling  train  in  place.  A  soap-film  bubble  flowmeter  was 
used  for  tnese  calibrations  and  the  pump  flow  rates  were  assumed  to  be 
constant  throughout  the  sanpling  period. 
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3.0  ANALYSIS 

The  following  sections  will  describe  the  method  sunmary  for  the 
target  parameters  and  analtical  methodologies  for  all  samples  analyzed. 
A  discussion  of  the  analytical  results  for  the  tests  conducted  on  the 
four  PATRIOT  Sea  ter /Air  Conditioner  units  is  provided  and  conclusions  of 
the  results  discussed. 

3-1  Method  Summary  For  Target  Parameters 

Target  parameters  were  determined  as  described  in  the  Ttest  Plan 
dated  JUne  11,  1982.  The  following  section  will  provide  a  sunnary  of  the 
methods  used  for  analytical  analysis. 

3.1.1  Acrolein 

Air  samples  for  acrolein  were  collected  on  Ttenax  traps, 
cnarcoal  traps  and  in  a  1%  sodium  bisulfite  inpinger  solution.  Ttenax  was 
conditioned  for  12  hours  at  2S0°C  with  a  flow  of  5  ml/nin  99.999% 
Matneson  grade  nelium,  then  capped  until  sampling  activities  were 
conducted.  Sampling  was  conducted  by  drawing  100  ml/tajnute  of  air 
tnrough  a  Ttenax  trap  cooled  to  50°  -  60°F.  After  sampling,  the  traps 
were  cooled  to  4aC  until  tney  were  analyzed.  Analyses  and  quantification 
were  performed  by  HRGC/MS  and  The  charcoal  was  activated  by  SKC 

Inc.  prior  to  sealing  botn  ends  of  tne  tube.  Sample  air  was  drawn 
tnrough  the  cnarcoal  trap  cooled  to  50°  -  60°F  at  a  rate  of  100  ral/min. 
Upon  completion  of  sampling,  tne  charcoal  tubes  were  sealed  with 
polyetnyiene  caps  and  cooled  to  4°C  until  extraction  procedures  were 
performed  using  carbon  disulfide.  Analysis  was  performed  by  GC/FID. 
Identification  and  quantification  of  specific  mass  peaks  was  performed  on 
GC/MS.  The  1%  sodium  bisulfite  impinger  solution  is  described  below  in 
Section  3.1.3 


3.1.2  Aromatics  and  General  Organics 

General  organic  samples  ’were  collected  on  NIOSH  charcoal  tuoes 
purcnased  from  SKC  Inc.  and  ienax  tubes  prepared  by  Versar.  The  sampling 
metnod  was  equivalent  to  tnat  discussed  for  acrolein  in  Section  3.1.1 


aoove. 
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3.1.3  Fbcmaldet1 


Sanyleg  for  formaldehyde  and  acrolein  were  collected  using  the 
NIOSH  methoas  PfcCAM  125  and  211.  The  sampling  train  consisted  of  two 
fritted-midget  in^ingers  with  15  ml  of  1%  sodium  bisulfite  (NaUSO^) 
solution  in  each.  The  inpingers  were  connected  in  series,  cooled  to  44C, 
and  air  drawn  through  the  solution  at  a  rate  slightly  greater  than  one 
liter  pec  minute  using  a  nigh-volume  personnel  sampler.  Upon  completion 
of  sample  collection,  samples  were  stored  overnight  at  4*C  in  a  cooler 
and  analyzed  tne!  next  day.  Sau^'es  were  prepared  according  to  the  NIOSH 
analytical  metnod,  analyzed  using  a  spectrophotometer  and  absorbance  was 
compered  against  prepared  standard  curves  to  determine  sample 
concentrations.  The  detection  limit  of  the  method  is  one  part  per 
million. 


3.1.4 


/anide 


Cyanide  as  hydrogen  cyanide  was  collected  using  NIOSH  method 
P&GAM  116.  This  method  required  the  use  of  a  single  standard  midget 
impinger  attached  to  a  high-volune  personnel  sampler.  Air  was  drawn 

tnrougn  10  -  15  ml  of  0.1  M  sodium  hydroxide  (NaOH)  solution  at  a  rate  of 

i 

one  liter  per  minute  for  60  minutes.  Upon  completion  of  sample 
collection,  samples  were  stored  overnignt  at  4*C  in  a  cooler  and  analyzed 
the  next  day.  Analysis  was  performed  using  a  specific  electrode  method 
wtuen  ais  a  detection  limit  of  approximately  0.02  ppm. 


3.2  Ttenax  and  Charcoal  Trapped  Organics 

The  primary  ocjective  of  the  use  of  sorcent  traps  (Ttenax  and 
'cnarcoal)  was  to  collect  samples  of  acrolein  and  tne  other  organics  as 
observed  in  tne  analysis  conducted  by  Skinner  &  Sherman.  It  was 
determined  oy  the  consensus  team  listed  in  Table  1  that  tne  test 
compromise  among  all  possible  trapping  choices  were  Tenax  and  charcoal. 
The  Ttenax  was  oelieved  to  be  tne  oest  choice  and  the  cnarcoal  was  aeded 
to  extend  organic  sorbtivity  ana  also  to  provide  an  extract  for 


suosequent  confirmatory  analysis.  The  discharged  air  of  the  PATRIOT 
Heater  /Air  conditioner  system  in  the  high  heat  made  approaches  125°F. 
This  temperature  is  oeycnd  the  useful  temperature  range  of  botn  Ttenax  and 
charcoal  and  it  was  decided  to  cool  tne  tubes  during  sample  collection. 

3.2.1  Preliminary  Study 

A  preliminary  study  was  performed  on  spiked  Ttenax  to  determine 
recovery  of  acrolein,  benzene  and  toluene.  In  addition,  thermal 
measurements  were  made  during  this  test  to  determine  the  extent  to  whicn 
the  sorbent  could  be  cooled  in  tne  125°F  discharge  air.  This  study  was 
done  on  JUne  25,  1982.  Six  Ttenax  tuces  were  spiked  with  acrolein  (420 
ng)  benzene  (440  ng)  and  toluene  (435  ng) .  Three  tubes  were  mounted  in 
tne  exhaust  and  tnree  tubes  mounted  in  the  intake  of  the  PATRIOT 
Heater /Air  conditioner  and  the  system  was  operated  for  one  hour  in  the 
high  heat  mode.  Commercial  ice  packs  were  placed  in  contact  with 
approximately  one-inch  of  each  sorption  tube.  The  resultant  final 
temperature  was  80*  -  9Q*P.  The  test  was  completed  in  this  mode.  Review 
of  the  temperature  results  caused  the  Versar  staff  to  believe  tnat 
increased  cold  contact  of  each  tube  would  be  advantageous  so  the  spike 
recovery  test  was  redone  on  July  1,  1982  exposing  approximately  50%  of 
the  sorbent  within  the  tubes  to  the  cold  packs.  The  resultant 
temperature  inside  the  3orbent  tubes  was  50*  -  60®F. 

The  results  of  these  two  preliminary  studies  is  presented  in 
tne  following  subsections. 


3.2.2  Ttenax  Method  Sumary 

The  GC/MS  Ttenax  method  used  was  developed  from  EPA 
methodologies  adapted  to  tne  evaluation  of  acrolein,  aromatics  and  other 
potential  solvent  contaminants  in  the  discharge  of  tne  tested  Heating/Air 
conditioning  units  tested.  The  tnree  metnoas  used  as  guidelines  were  EPA 
Method  602,  Pdrgeaole  Aromatics?  EPA  Method  603,  Acrolein  and 
Pcrylonitnie;  and  EPA  Method  624,  Purgeacies,  puoiisned  in  tne  Feoerai 


S 

§ 
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Register,  Vtol  44,  No.  233,  Monday,  December  3,  1979  entitled  "Guidelines 
Establishing  lest  Procedures  for  the  Analysis  of  Pollutants,  Proposed 
Regulations”.  These  methods  provided  the  guidelines  for  gas 
chromatographic  and  mass  spectrometric  condition  selection.  The 
conditions  used  for  the  analysis  are  listed  in  Table  4.  Some  minor 
changes  of  the  method  proposed  by  the  consensus  team  were  required,  as 
tne  proposed  capillary  column  could  not  be  adapted  to  the  analysis 
without  major  changes  in  instmaentation.  An  EPA-approved  column  was 
substituted  for  the  purpose  of  this  analysis 

lhe  Kenax  method  for  acrolein  and  aromatics  consists  of 
removing  tne  end  caps  (Swagelok  with  teflon  ferrules)  of  the  sample  Ttenax 
trap,  and  spiking  an  internal  standard  onto  the  adsorbent  material,  lhe 
sample  Ttenax  trap  is  then  connected  to  the  desorb  unit.  The  GC  column 
carrier  gas  is  diverted  through  tne  trap  while  it  is  flash  heated  to 
170"C  for  5  minutes,  lhe  effluent  of  the  trap  is  injected  onto  the  nead 
of  a  6  foot  x  2mm  ID  glass  Chromosorb  101  QC  column  with  a  carrier  flow 
rate  of  Helium  at  30  ml/nin.  Following  desorption  into  tne  column,  tne 
GC  column  is  temperature  programmed  to  240"C  at  12*C/tain  and  the 
materials  are  cnroraatograpnically  separated  and  introduced  into  tne  mass 
spectrometer  via  the  glass  jet  separator  interface. 

lhe  retention  times  for  acrolein,  benzene  and  toluene  were  13 
min,  18.3  min  and  21.6  min,  respectively.  These  retention  times  allowed 
baseline  separation  of  tne  three  materials  and  sufficient  resolution  for 
the  required  sensitivity.  Detection  limits  were  in  tne  order  of  0.01 

3 

rng/n  for  acrolein,  benzene  and  toluene,  as  well  as  the  otner  solvent 
materials  listed  in  Table  5.  These  detection  limits  are  defined  only  as 
the  sensitivity  of  tne  GC/MS  to  tne  materials  spiked  onto  the  Tsnax  traps 
and  recovered  througn  analysis.  No  detection  limits  are  availaole  or  can 
be  derived  for  tne  total  method. 
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TABLE  4 


GAS  CHRCMATOCSAPkilC  CONDITIONS 

I 


Desorbtion  Sample  Injection: 

Carrier  Gas: 

Carrier  Gas  Flow  Sate: 

Initial  Column  Trapping  Temperature: 
Column  Configuration: 

Solvent/Air /Divert: 

Golunn  Temperature  Raiqp  Rate: 

Final  Column  Ttenperature: 


5  minutes  at  170*C 
Helium  (99.999%) 

30  m?/tainute 

20 °C  for  4  minutes 
6'  x  2rm  ID  glass  Chromosorb 
101  (30A00  mesh) 

6  minutes 
12*C/ainute 

24C°C  for  30  minutes 


MASS  SPECTROMETER  CONDITIONS 


Maos  Scan  Rate: 

Mass  Scan  Range: 
Calibration: 

Vacuum  Conditions: 

EM  Voltage: 

Ionizer  Mode: 

Minimum  Peak  Width: 
Minimum  PsaK  Area: 
Baseline: 

A/D  Thresnoid: 

Minimum  Fragment  Width  3: 


2  sec/scan 
20  -  505  amu 
FC-43/BFB 

2  x  10~7  tcrr 
2200V 

Electron  impact  positive  ion 

3  scans 
100 

0 

1 

31 
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TABLE  S 

VDIATIL2  OHGWGCS  CETSKQ1ED  BY  THE  APPROVED  EPA 
MEED  ED  LOGY  METHOD  624  Ait)  THEIR  (DHRESTOMDIMG  TIME 
MEIGHTTO  AVHJAGES  (TWA3-)  AMD  EE3SC3MLE  AHDUHIS 


\blatlla  Organics 


Chloronethane 
Bccmceothana 
Vinyl  Chloride 
Chloroe  thane 
Methylene  Chloride 
Aero Iain 

TYi  ehlorofluarctne  thane 
Acrylonitrila 

1. 1- Oichloroethylana 

1. 1- Oichlooethane 
TYans-1 . 2-dichlon3athylam 
Chloroform 

1. 2- DiciiLoroathana 
1,1,  1-TYicdilnroethane 
Carton  Ttetrachlaride 
Broecdi  chlcroae  thane 

1. 2- 04  chlarcpropane 
TYan»-l, 3-Oichloroprqpene 
Trichloroethylene 


TLV-'IW 


Cbna.  (ppe)  air 


1,1, 2-TYidhloroethane  10 


Dibrcsochlcrcaietharia 

Bramoform 

Ttetrachlaroethylene 

1,1,2, 2-Tetrachlorce thane 

Toluene 

Chlorobenzene 

Ethylbenzene 

2-<hlorcethvi  vinyl  ether 


^  TWA  *  Time  Weighted  Average. 

(Level  in  opsa  at  ’which  worker  can  be  exposed  ior  3  hours  without  damage  to 
health,  as  determined  by  CSKA. ) 

^  MIC5H/CSHA  Fbcfcet  Guide  to  Chemical  Hazards,  Sept.  1973,  He printed  August 
1980. 
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Quality  control  for  tne  method  consisted  of  daily  cnecking  of 
the  GC/MS  calibration  by  directly  injecting  the  calibration  catpound  BPS, 
3-point  standard  response  factor  calibration,  nuuerous  laooratory  blanks, 
field  blanks,  spiked  sample  traps,  preliminary  method  evaluation  studies 
and  internal  standards  monitoring. 

Prior  to  analysis  of  sanples,  each  day  the  mass  spectrometer 
calibration  was  verified  oy  a  direct  injection  of  branoflurobenzene  (BFB) 
and  the  ion  criteria  in  Table  6  were  verified.  A  standard  mixture  of 
acrolein,  benzene,  and  toluene  prepared  in  methanol  was  injected  onto  a 
blank  Ttenax  trap  and  analyzed  in  the  same  manner  as  a  sample.  From  the 
peak  height  response  of  the  mass  peaks  (27  m/z  for  acrolein,  78  m/z  for 
benzene,  and  92  m/z  for  toluene)  external  standard  response  factors  were 
calculated  for  eacn  day's  analysis. 

Between  samples  it  was  found  necessary  to  frequently  run 
laboratory  blanxs  to  verify  that  no  laboratory  contamination  was 
occurring.  This  was  extremely  important  due  to  the  high  amount  of  water 
condensed  onto  eacn  trap.  This  moisture  was  introduced  into  the  system 
upon  injection  of  samples  and  extensive  baking  of  the  lines  was  required 
between  sample  analysis  to  prevent  carry  over  between  samples,  as  well  as 
degradation  of  analytical  conditions.  It  was  ooserved  that  the  effect  of 
water  was  decreased  resolution  of  GC  peaks,  shifting  retention  times,  and 
decreased  sensitivity.  These  prooiems  were  prevented  through  the 
extensive  trap  bake  out  and  laooratory  blank  analysis  between  samples. 
No  laooratory  contaminants  were  observed. 

Field  Ttenax  trap  blanks  were  taken  into  the  field  and  treated 
as  sample  traps.  These  traps  -were  prepared  in  the  same  manner,  handled 
in  the  field  oy  the  same  procedures  (except  that  no  air  'was  drawn  througn 
tnem) ,  and  analyzed  by  the  same  methods  as  samples.  Field  olanks  coupled 
witn  laooratory  oianxs  provide  information  necessary  to  determine  sources 
of  contamination.  For  tnis  study  it  was  determined  that  there  were  two 
potential  sources  of  contamination.  Field  blanks  revealed  that  methylene 


TABUS  6 

3  PS3&MMCS  STMCARD  REQUIREMENTS 
BroBPfluorobenaena  (BFB)  20  ng 
Method  624 


m/e 

Ion  Abundance  Criteria 

50 

15*40%  of  mass  95 

75 

30-60%  r'  mass  95 

95 

base  pea*,  100%  relative  abundance 

96 

5-9%  relative  abundance 

173 

less  than  1%  of  mass  95 

174 

greater  than  50%  of  mass  95 

175 

5-9%  of  mass  174 

176 

greater  than  50%  of  mass  95 

177 

5-9%  of  mass  176 

Vcnsar. 
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cnloride,  acetone  and  nexane  contamination  was  introduced  to  the  Ttenax 
tubes  in  cold  storage  as  the  seals  became  loose  vt>&\  refrigerated.  This 
problem  has  been  solved  by  increased  tightening  of  the  Swagelok  fittings 
and  storage  of  the  samples  in  an  isolated  environment.  Further 
contamination  has  oeen  identified  as  ambient  levels  of  benzene,  toluene 
and  trichloroethene  found  in  intake  and  discharge  samples  from  the  VSE 
testing  facility  as  they  were  not  found  in  field  or  laboratory  blanks. 

Prior  to  collection  of  the  actual  test  samples,  two  preliminary 
method  studies  were  implemented  to  test  the  sailing  and  analytical 
method.  The  first  test  consisted  of  spiking  Tenax  traps  with  known 
amounts  of  acrolein,  benzene,  and  toluene  and  collecting  samples  of  air 
from  tne  VI  unit  heater  (tne  second  test  was  conducted  on  the  VB  unit 
heater) .  These  traps  were  then  analyzed  to  determine  whether  the 
acrolein,  benzene,  and  toluene  were  recovered  after  collection  of 
samples.  The  results  of  the  method  study  are  listed  in  Table  7. 

Acrolein  was  not  recovered  in  either  method  study.  Benzene  and 
toluene  were  recovered  in  botn  studies.  The  following  information  was 
obtained  from  the  method  studies.  Acrolein  may  not  be  trapped  by  Ttenax 
under  the  condition  of  sampling.  The  spiking  level  was  too  low  for  all 
materials  and  a  ten-to  one  hundred-fold  increase  in  the  spike  level  is 
required  to  provide  meaningful  data-  Arrolein  was  spiked  at  close  to  the 
actual  method  detection  limit  level.  The  benzene  and  toluene 
concentrations  on  the  spike  were  also  too  low,  since  ambient 
concentrations  of  benzene  and  toluene  were  possibly  present  during 
testing,  as  revealed  by  testing  of  tne  other  units.  From  these  initial 
tests  the  appropriate  spiking  levels  for  a  comprehensive  method  detection 
limic  determination  can  oe  establisned,  snculd  it  became  necessary  to 
further  develop  and  validate  the- method. 

Spikeo  Ttenax  sample  traps  (recovery  spikes)  were  taken  into  the 
field.  The  purpose  of  the  spixed  recovery  traps  was  to  verify  that  tne 
materials  acrolein,  oenzene  ana  toluene  would  not  ce  lost  during  handling 
and  storage  of  the  traps.  All  materials  were  quantitatively  recovered  as 
follows.  Acrolein,  36%;  benzene,  100%;  toluene,  123%. 
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TABLE  7 

PRELIMINARY  ME3HD0  STUDY  RESULTS 


METHSO  STUDY  #1 


Spike 

Intake  % 

Discharge  % 

Level 

Recovery 

Recovery 

Acrolein 

420ng 

0 

0 

Benzene 

440ng 

33 

n 

Tbluene 

435ng 

no 

66 

METHX)  STUDY  #2 

Acrolein 

420ng 

0 

0 

Benzene 

440ng 

56 

27 

Tbluene 

435ng 

69 

32 

Vtrsar. 

Additionally,  each  sample  trap  was  spiked  with  a  surrogate 
deuterated  compound,  benzene  d6  as  an  internal  standard  to  -monitor 
analytical  recovery.  The  mean  recovery  of  the  spike  for  samples  was  102% 
with  a  standard  deviation  of  13.5. 


As  was  noted  earlier,  a  method  change  was  necessary  in  order  to 
complete  the  analysis  satisfactorily.  This  change  was  agreed  upon  by  all 
members  of  the  initial  analytical  test  plan  team.  A  packed  column  was 
substituted  for  tne  capillary  column  designated  at  the  planning  meeting 
by  the  consensus  team.  This  change  was  necessary  for  two  reasons. 
First,  the  Carbowax  20M  capillary  colum  was  found  to  perform 
inadequately  with  the  Tenax  desorption  unit  as  configured  in  the  Versar 
laboratory.  Also,  the  column  would  have  bee.-  destroyed  by  the  water 
trapped  by  the  Tenax  tubes  as  the  system  does  not  provide  any  means  for 
venting  the  moisture  from  the  system.  The  amount  of  moisture  collected 
was  not  anticipated  when  the  plan  was  developed,  nor  had  3uch  a  problem 
been  indicated  by  previous  sampling  excursions.  Additional  interfacing 
would  have  been  required  to  adapt  the  method  to  the  existing 
instrumentation,  which  was  not  feasible  during  the  time  available.  A 
change  was  implemented  and  a  6-foot  2mm  ID  glass  column  packed  with 
Chrcmosorb  101,  80/100  mesh  was  substituted  for  the  60-meter  capillary 
column.  This  column  is  the  EPA  required  column  by  Method  603,  for  the 
analysis  of  acrolein.  The  Chrcmoscrb  column  methodology  was  developed  by 
EPA  specifically  to  handle  large  amounts  of  moisture  in  the  analytical 
system. 

3.2.3  Charcoal  Metnod  Summary 

General  organic  analysis  was  performed  on  tne  air  samples 
collected  on  charcoal  using  EPA  and  NIOSH  methodologies  adapted  to  the 
testing  of  the  PATRIOT  Heater /Air  conditioner  units  for  determination  of 
possible  organic  irritants.  The  metnodologies  are,  NIOSH  Method  P&CAM 
127  "Organic  Solvents  in  Air"  and  EPA  Method  625  3ase  Neutrals/Acids  and 
Pesticides.  In  addition  tne  fused  silica  capillar/  conditions  were 
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selected  frcra  the  EPA  docunent  entitled  "Quality  Control  Protocol  for  the 
fused  Silica  capillary  Oolunn  Gas  Chrcnatography/Mass  Spectrometry 
Determination  of  Serai  itolatile  Priority  Pollutants",  CJ.S.  CPA,  EMSL,  las 
Vfegas,  September,  1981. 

Charcoal  tube  samples  were  broken  open  and  the  front  and  back 
portion  of  the  sample  tube  transferred  to  serum  cap  vials  and  desorbed 
with  carbon  disulfide  prior  to  analysis.  Desorbtion  was  performed  with 
shaking  at  least  30  minutes  prior  to  analysis.  All  extracted  samples 
were  analyzed  by  NIQSH  Method  PiCW  127  using  GC/FID  prior  to  GC/MS 
analysis.  No  organics  were  detected  by  GC/FID.  Detection  limits  are  on 
the  order  of  0.1  rag/n3.  Selected  extracted  exhaust  air  samples  were 
then  analyzed  by  HRGC/MS  to  confirm  the  results  of  analysis. 

GC/FID  analysis  was  performed  using  a  20-foot  1/8"  stainless 
steel  column  packed  with  10%  SP-1000  on  80/100  mesn  Supelcoport.  The 
oven  was  programmed  to  hold  at  100°C  for  two  minutes  following  injection 
and  was  then  programmed  to  270 °C  at  8°C  per  minute.  The  elevated  final 
temperature  was  used  to  chromatograph  the  pnthalate  esters  which  were 
targeted  by  the  analysis. 

The  HRGC/MS  analysis  was  performed  by  injecting,  Grob  style,  1 
ul  of  the  extract  on  a  60-meter  SE54  fused  silica  capillary  column.  The 

sample  was  injected  onto  the  head  of  the  column  at  45 °C  and  then 

programmed  to  275°C  at  10°C/min.  The  conditions  for  analysis  are  listed 
in  Table  8. 

Prior  to  analysis  of  samples,  the  calibration  of  the  GC/MS  was 
verified  by  the  direct  injection  of  DFIPP,  and  the  ion  abundance  criteria 
in  Thole  9  verified.  The  standard  response  factors  for  the  3-point 

standardization  were  checked  and  linearity  verified.  Samples  and  blanks 
were  tnen  analyzed.  Results  are  reported  in  mg/m'.  No  organic 

materials  were  ooserved  in  any  of  the  sample  extracts. 
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TABLE  3 


GAS  CHRCMATCCSAfHIC  GjNDXTCGNS 


Sample  Injection: 

Carrier  Gas: 

Carrier  Gas  Plow  Rate: 
Initial  Colunn  Itemperature : 
Column  Configuration: 

Column  Itemperature  Ramp  Rate: 
Final  Column  Itemperature: 


1  ul  GROB  injection 
Helium  (99.999%) 

1  ml/ninute 
45 °C  for  4  minutes 
60  meter  SE54  fused 
silica  capillary 
10°C/ininute 
275°C  for  30  minutes 


p  3 
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MASS  SPSCTOQMEIER  CODITICNS 


Mass  Scan  Rate: 

Mass  Scan  Range: 
Calibration: 
vacuum  Conditions: 

EM  Vbltage: 

Ionizer  Mode: 

Minimum  Peak  Width: 
Minimum  Beak  Area: 
Baseline : 

A/D  Threshold 

Minimum  Fragment  Width  %: 


0.75  sec/scan 
20  -  505  amu 
FC-43/DFTPP 
2  x  10  ^  torr 
180CV 

Electron  impact  positive  ion 
2  scans 
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TABLE  9 

DBCAFXUOROraiFHEfKL  PHOSPHINE  (DFTPP)  50  reg 
Method  625 


m/e 

Ion  Sundance  Criteria 

51 

30-60%  of  mass  198 

68 

less  than  2%  of  mass  69 

70 

less  than  2%  of  mass  69 

127 

40-60%  of  mass  198 

197 

less  than  1%  of  mass  198 

198 

base  peak,  100%  relative  abundance 

199 

5-9%  of  mass  198 

275 

10-30%  of  mass  198 

365 

<1%  of  mass  198 

441 

less  than  mass  443 

442 

greater  than  40%  of  mass  198 

443 

17-23%  of  mass  442 

Cyanide,  formaldehyde,  and  acrolein  were  determined  from 
impinger  solutions.  These  samples  were  analyzed  using  NIOSH 
methodologies  adapted  to  the  study  of  the  MERADCCM  PATRIOT  Heater/Air 
Conditioner  system.  A  summary  of  each  method  is  given  in  Section  3.1  and 
the  detailed  method  is  presented  in  Appendix  IV. 

3.3.1  Sodiun  Hydroxide  for  Cyanide 

Cyanide  in  air  analysis  was  performed  according  to  NIOSH  Method 
No.  P&CAM  116.  Atmospheric  samples  were  taken  using  midget  impingers 
containing  10  -  15  ml  of  0.1  M  NaOH.  Sample  volumes  of  60  to  74  liters 
of  air  were  collected.  Blank  impingers  were  handled  similarly  to  the 
other  samples  except  that  air  was  not  drawn  through  the  impinger  train. 
The  determination  of  cyanide  was  accomplished  using  a  cyanide  ion 
specific  eiectrrde  and  a  single  junction  reference  electrode.  Millivolt 
readings  from  a  series  of  cyanide  standards  prepared  in  0.1  M  NaOH  were 
recorded  and  used  to  prepare  a  calibration  curve.  The  millivolt  readings 
were  plotted  vs.  the  cyanide  ion  concentrations  of  tne  standards  on 
semi-log  paper.  The  cyanide  ion  concentration  is  ug/fal  was  plotted  on 
the  log  axis.  The  millivolt  reading  fran  the  analysis  of  a  sample  was 
converted  to  ug  CN,4nl  of  impinger  solution  using  the  calibration  curve. 
The  ug  content  of  the  sample  was  multiplied  by  the  sample  impinger  volume 
to  obtain  the  total  ug  GJ  in  tne  sample.  The  concentration  of  cyanide  in 
the  air  sample  is  expressed  in  ppm  (volume)  GN  using  the  following 
equation: 


ppm  (vulume)CN  =  (0.94)  cone.  ^  GJ 

The  range  of  NIOSH  Method  No.  ®&CAM  116  is  0.02  -  19  pan  (volume)  OJ  in 
air.  Spike  recoveries  of  sample  dosed  at  1.6  ppm  GJ  and  1.3  pan  GJ  were 
94%  and  90%  respectively.  The  results  for  all  samples  are  listed  in 
Section  3.4. 
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3.3.2  Sodium  Bisulfite  For  Formaldehyde 

formaldehyde  in  air  was  determined  using  NIOSH  Method  No.  P&CAM 
125.  Air  samples  of  20  to  60  liters  were  drawn  through  two  impingers 
connected  in  series  each  containing  15  ml  1%  sodium  bisulfite  (NaHSO-j) 
solution.  Blank  impinger  solutions  were  handled  like  other  samples 
except  that  no  air  was  drawn  through  them.  A  spectropho  tone  trie 
determination  of  formaldehyde  standards  was  performed  to  prepare  a 
calibration  curve,  formaldehyde  reacts  with  chronotropic  acid-sulfuric 

a 

acid  to  form  a  purple  chromogen.  The  absorbance  of  the  colored  solution 
is  determined  in  a  spectrophotometer  at  580  nm  and  is  proportional  to  the 
<yiantity  of  formaldehyde  in  the  solution.  The  absorbance  is  plotted 
against  micrograos  of  formaldehyde.  The  formaldenyde  content  of  the 
sample  impinger  solutions  was  determined,  xftere  two  impinger  solutions 
collected  in  series  w»re  analyzed  the  formaldehyde  content  of  solution  A 
was  added  to  that  determined  in  solution  B  to  give  the  total  amount  in 
the  sampled  atmosphere  by  the  iapingers  in  series. 

The  concentration  of  formaldehyde  in  the  sampled  atmosphere  was 
calculated  cy  using  the  following  equation: 

ppm  formaldehyde  (volune)  •  (0.81)  cone.  ^  formaldehyde 

The  range  of  NIOSH  Method  Nol  P&OM  125  i3  0.1  -  2.0  ppm 

(volume)  formaldehyde.  Spine  recoveries  of  samples  dosed  at  0.4  ppm,  0.2 
ppm  and  0.4  ppm  ’were  60%,  801  and  60%  respectively. 

Intane  sample  3-2-9  developed  a  purple-red  color  after  reagent 
addition  instead  or  tne  normal  purple  enremogen  formed  when  formaidet/de 
is  present.  -wavelength  scans  of  intaxe  sample  3-2-9  and  a  0.5  ppm 

formaldenyde  standard  ’were  performed  to  compare  absocbarce  peaKs.  Figure 
2  snevs  tnat  similar  acsnrbance  characteristics  in  tne  range  of  540  to 
640  nm  are  apparent  suggesting  that  formaldehyde  is  present  m  tne 

sample.  In  tne  range  of  440  to  520  nm  tne  acsoroance  patterns  are 
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different,  indicating  tne  presence  of  another  compound  of  unknown 
identity  in  intake  sample  B-2-9.  A  summary  of  results  is  given  in 
Section  3.4. 

3.3.3  Sodium  Bisulfite  Ebr  terolein 

Acrolein  in  air  was  determined  using  NI06H  Method  No.  P&CAM 
211.  Air  samples  of  20  to  60  liters  were  drawn  through  two  midget 
ixnpingers  connected  in  series  each  containing  15  ml  of  1%  sodium 
disulfite  solution.  Blank  itopinger  solutions  were  handled  similarly  to 
the  samples  except  tnat  no  air  was  drawn  througn  them.  A  calibration 
curve  was  prepared  using  acrolein  standards  in  the  range  of  0.06  to  1.8 
ppm  (volume)  acrolein.  The  reaction  of  acrolein  with  4-hexylresorcinol 
in  an  alcoholic  trichloroacetic  acid  solvent  medium  in  the  presence  of 
mercuric  chloride  results  in  a  blue  colored  product  whose  absorbance  is 
read  at  605  nm  in  a  spectrophotometer .  Hie  absorbance  values  were 
plotted  against  micrograms  of  acrolein  in  the  color  developed  standards. 
Each  sample  iiqpinger  was  analyzed  separately  in  the  case  where  impinger 
solutions  connected  in  series  were  not  mixed  together,  in  the  field.  The 
acrolein  content  of  the  sample  solutions  were  determined  after  color 
developed,  measurement  in  a  spectrophotometer,  and  comparison  to  the 
cur«  previously  prepared  from  the  standard  acrolein  solutions. 

The  concentration  of  acrolein  in  the  sampled  atmosphere  was 
calculated  using  the  following  equation: 


ccra  (volume)  acrolein  *  0.44 /cone.  ^  acroleinj 


Spi<e  recoveries  of  samples  dosed  at  1.0  ppm  and  0.3  ccm 
acrolein  were  1071  and  100'.  respectively.  A  summary  of  results  is  given 
in  Section  3.4 
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3-4  Results  and  Conclusions  For  Target  Parameters 

Use  net  results  and  conclusions  of  Use  analysis  of  effluent  air 
from  PATRIOT  Heater /Air  conditioner  are  discussed  in  this  section,  fbr  a 
detailed  discussion  of  quality  assurance  spixes,  field  blanks,  laboratory 
blanks,  reagent  blanks,  intake  samples  and  other  measures  cf  performance, 
see  Sections  3.1,  3.2,  3.3  and  3.5 

3.4.1  Acrolein 

3. 4. 1.1  Ttenax  Uraos 

No  recovery  of  acrolein  in  either  of  the  preliminary 
performance  tests  indicates  tnat  Ttenax  is  unable  to  provide  any  useful 
results  concerning  the  presence  or  absence  of  thi3  chemical.  The 
acrolein  added  to  Ttenax  traps  for  the  preliminary  performance  test  and 
then  subjected  to  a  cooled  envirorment  during  sampling  combined  with  high 
humidity  was  lost.  This  loss  would  have  ccme  about  by  retention  on  Ttenax 
during  subsequent  laboratory  desorption,  or  possibly  as  a  result  of 
contact  with  the  hot  discharge  ai r,  or  a  reaction  with  the  humid  air 
during  the  preliminary  performance  tests  or  any  combination  of  the  above 
conditions. 

3. 4. 1.2  Charcoal  Tubes 

No  performance  test  of  acrolein  were  performed  on  charcoal  but 
it  is  reasonaoie  to  conclude,  on  the  basis  of  Ttenax  results,  that  no 
useful  acrolein  conclusions  either  positive  or  negative  could  be 
extrapolated  from  tne  results  of  charcoal  tube  analysis. 

3. 4-1.3  Lmpinaer  Solution  -  13  Sodium  Bisulfite 

No  acrolein  was  detected  from  any  unit  using  tne  standard  NIQSH 
method.  Detection  limits  varied  witn  volume  of  air  sampled  and  imoinger 
solution  from  0.375  .mg/m^  for  units  A  and  3  to  0.06  mg/m^  for  ail 
otner  analysis. 
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3. 4. 1.4  Conclusion  Acrolein 

The  TO/-TWA  for  acrolein  is  0.25  tnq/a?  and  no  acrolein  was 
observed  in  units  C  and  0  at  a  detection  level  eight  times  below  this 
level.  In  units  A  and  B  a  slightly  higher  detection  limit  should  pose  no 
significant  concern  since  the  detection  limit  is  trictly  a  function  of 
sample  taken  and  only  slightly  higher  then  the  TWA  and  four  times  lower 
than  reported  in  the  one  case  of  positive  acrolein  identified  in  unit  R3 
(serial  No.  801160)  by  Skinner  6  Sherman  in  April  1982. 


report. 


Acrolein  is  not  produced  by  or  from  any  units  tested  in  this 


3.4.2  Aromatic 


3.4. 2.1  Ttenax  1 tape 

Benzene  and  toluene  were  observed  in  all  intake  and  exhaust 
samples  at  very  low  levels  (  10  to  20  ug/ta3  for  benzene  with  a  TO/-TWA 
of  30,000  ug/ta3  and  10  to  200  ug/a3  for  toluene  with  a  TO/- TWA  of 
750,000  ug/ta3) . 


3. 4. 2. 2  Charcoal  Tra 


No  benzene  or  toluene  was  observed  even  at  extremely  low  levels 
any  in  extract  tasted. 


3. 4. 2. 3  Conclusion  -  Aromatic  Oceanic  Comoounds 


Benzene  and  toluene  were  observed  at  extremely  lew  levels  and 
appear  to  oe  contaminants  in  tne  area  wnere  sampling  'was  conducted  on  the 
PATRIOT  units.  No  otner  aromatic  organic  compounds  'were  observed. 

Aromatic  organic  compounds  are  not  produced  by  or  from  any 
units  tested  in  this  report. 
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3.4.3  General  Oraanics 


3. 4. 3.1  Ttenax  and  Oar  coal  Trace  -  Cbnclusion 


With  the  exceptions  of  the  laboratory/field  contaminations 
discussed  in  Section  3.2,  no  organics  were  found  in  discharged  air  at  any 
suostantial  levels.  Tiichloroethelene  and  ethylbenzene  was  found  in  most 
intake  and  exhaust  sanpLes  at  trace  levels.  the  levels  of 
trichloroetheylene  were  all  <0.01  mg/m"3  and  always  slightly  higher  in 
exhaust  than  intake. 


3.4.4  Formaldehyde 

3. 4. 4.1  Impinger  Solution  -  1>  Sodiun  Bisulfite 

No  formaldehyde  was  detected  from  any  unit  using  the  standard 
NIOSH  method  (P&CflM  125) .  Detection  limits  were  at  least  a  ten-fold 
factor  lower  then  the  TU/-TWA  limit  of  3  ag/m3  (and  in  most  cases  a 
factor  of  50) . 

3. 4. 4. 2  Conclusion  -  Formaldehyde 

Formaldehyde  is  not  produced  by  or  from  any  unit  tested  in  this 

report. 


3.4.5  Hydrogen  Cyanide 

3. 4. 5.1  impinger  Solution 

»•*>  hydrogen  cyanide  was  detected  from  any  unit  using  tne 
standard  tflOSH  method  (PSC^ei  116)  .  Detection  limit  of  0.02  mg/m'3  is 
550  times  lower  tnan  tne  TLV-IWA  of  11  mg/ra"3. 

3. 4. 5. 2  Conclusion  -  Hydrogen  Cyanide 

tfydzogen  cyanide  is  not  produced  by  or  from  any  units  tested  m 


s 
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3.5  Suroary  of  Results  by  Lhits 

In  the  following  section  a  listing  of  all  data  by  unit  is 
covered  by  this  report.  The  following  units  will  be  covered: 

Uhit  SN  Date  Manufactured 

1.  801193  12/81 

2.  801198  1/82 

3.  801188  11/81 

4.  801185  11/81 

Analytical  results  of  the  above  units  are  presented  in  Tables 
10  through  13. 

3.6  Comparison  of  Versar  and  Skinner  i  Sherman  Results 

Triplicate  samples  were  taken  during  the  first  hour  of 
operation  of  eacn  unit  following  exactly  the  June  11,  1982  plan.  These 
samples  were  sent  to  U.S.  AfflA,  Skinner  &  Sherman  and  Vtersar  for 
analysis.  In  addition,  Skinner  &  Sherman  requested  and  Versar  provided 
1%  sodium  oisulfite  solution  for  the  same  analysis.  Skinner  t  Sherman 
has  provided  their  report  isee  Appendix  III).  The  U.S.  A£HA  results  will 
be  presented  at  the  July  21,  1982  meeting. 

to  differences  exist  between  the  Versar  and  Skinner  &  Sherman 
report  that  would  in  any  way  altar  the  general  conclusions  concerning 
target  parameters  discussed  in  Section  3.4.  Althougn  tne  Skinner  s, 
Sherman  report  lists  acrolein  found  in  tne  first  hour  of  unit  A  (SN 
801193).  The  QC/FID  quantification  lev®l  for  acrolein  is  a  0.0025 
wq/m^ .  This  number  reflects  tnree  majoc  unctrtainties: 

1.  The  QC/FID  method  alone  can  not  'uniquely  identify  acrolein. 

2.  The  level  reported  is  less  tnan  a  factor  of  ten  acove  the 
reported  detection  limit. 
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‘SOLE  10 

RESULTS  FOR  UNIT  801193  (ag/ta3) 


PARAMETER 

UXAXION 

Hour 

1 

Hour 

2 

Hour 

3 

Itenax* 

Benzene 

Intake 

0.01  — 

Tubes 

Exhaust 

<0.01 

0.01 

0.01 

Tbluene 

Intake 

Exhaust 

0.14  — 

0.11  0.08 

0.05 

Trichloroethlene 

Intake 

Exhaust 

tr  — 

tr  — 

— 

Charcoal** 

General 

Intake 

ND 

ND 

ND 

Tubes 

Exhaust 

ND 

ND 

0.1  NaOH 

83* 

Intake 

Exhaust 

<0.025  <0.025 
<0.025  <0.025 

<0.025 

<0.025 

11  ttaHSOj 

Acrolein 

Intake 

Exhaust 

<0.375  <0.375 
<0.375  <0.375 

<0.375 

<0.375 

1%  NaHS03 

Formaldehyde 

In  tax  e 
Exhaust 

<0.375  <0.375 
<0.375  <0.375 

<0.375 

<0.375 

*  Primarily  GC/MS 

**  Primarily  GC/FID  (succorted  GC/MS) . 

tr  =  trace 

ND  *  Not  detected 
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table  11 

BESULTS  ICR  WCT  801198  (ag/a3) 


EARMESEl 

LOCATION 

Hour 

1 

Hour  Hour 

2  3 

Ttenax* 

Benzene 

Intake 

<6.01 

*nita»q 

Exhaust 

<0.01 

0.02 

<0.01 

Tbluene 

Intake 

0.01 

__ 

EXhaust 

0.01 

0.03 

0.03 

Tr  ichlor oethlene  Intake 

tr 

— 

Exhaust 

tr 

tr 

Charcoal** 

General 

Intake 

M3 

M3 

ND 

Hitoea 

Exhaust 

M3 

ND 

M3 

0.1  NaCH 

HCN 

Intake 

<0.025 

<0.025 

<0.025 

Exhaust 

<0.025 

<0.025 

<0.025 

1%  NaHS03 

Acrolein 

Intake 

<0.375 

<0.375 

<0.375 

Exhaust 

<0.375 

<0.375 

<0.375 

1%  NaHSC>3 

Fbnaaldehyde 

Intake 

<0.375 

1.60*** 

<0.375 

EXnaust 

<0.375 

<0.375 

<0.375 

£ 


*  P-imarily  OC/HS 

**  Primarily  GC/FID  (supported  GC/MS) . 

***Suspect  cnemical  interference, 
tr  =  trace 
ND  *  Not  detected 
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ISBLE  12 

RESULTS  PCJR  UNIT  801188  (ng/to3) 


PARAWEUX 

LOCATION 

Hour 

1 

Hour 

2 

Hour 

3 

Tfenax* 

Benzene 

Intake 

0.01 

„  _ 

Tubes 

Etha  us  t 

0.01 

0.02 

0.01 

Tbluene 

Intake 

0.04 

Qchaust 

0.08 

0.03 

0.04 

Trichloroethlene  Intake 

tr 

— 

Exhaust 

tr 

tr 

tr 

Oiarcoal** 

General 

Intake 

to 

ND 

ND 

Exhaust 

ND 

ND 

to 

0.1  NaOH 

HCN 

Intake 

<0.020 

<0.020 

<0.020 

Bthaust 

<0.020  <0.020  <0.020 

1%  NaKSOj 

Acrolein 

Intake 

<0.060  <0.060 

<0.060 

Exhaust 

<0.060  <0.060 

<0.060 

1%  NaHS03 

fbnaaldedyde 

Intake 

<0.060 

<0.060 

<0.060 

Exhaust 

<0.060 

<0.060 

<0.060 

*  Primarily  GC/MS 

**  Primarily  GC/EID  (supported  GC/MS) . 

tr  *  trace 

ND  *  Not  detected 
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TABLE  13 

RESULTS  FOR  UNIT  801185  (mg/b3) 


ltenax* 

TUbea 


PARAMETER 

Benzene 

Tbluene 


Charcoal**  General 
tubes 


0.1  NaOH  BCN 

1»  NaHSOj  Acrolein 

1%  NaBS03  fbmaidehyde 


Hour 

Hour 

Hour 

UXAXION 

1 

2 

3 

Intake 

0.01 

Exhaust 

0.01 

0.01 

<0.01 

Intake 

0.02 

Exhaust 

0-03 

— 

— 

Intake 

tr 

Exhaust 

tr 

tr 

tr 

Intake 

M) 

to 

ND 

Bchaust 

ND 

ND 

ND 

Intake 

<0.020  <0.020  <0.020 

Ekhaust 

<0.020  <0.020  <0.020 

Intake 

<0.060 

<0.060  <0.060 

Exhaust. 

<0.060  <0.060  <0.060 

Intake 

<0.060  <0.060 

<0.060 

E2<hau3t 

A 

O 

• 

O 

o 

A 

O 

4 

o 

g 

<0.060 

*  Primarily  GC/MS 

**  Primarily  GC/FID  (supported  GC/MS) . 

tr  3  trace 

ND  =  Not  detected 
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3.  The  TLV-TWA  for  acrolein  is  0.1  mg/n^  and  the  reported 
value  is  only  1/40  of  the  eight  hour  exposure  level. 

Taken  together  the  factors  make  the  reported  value  extremely  uncertain. 


a 

B 


i 

© 

8 


£ 


& 


n 


a  m 


APPENOIX  G 


VERSAR  Supplemental  Report  for  Sampling 
and  Analysis  of  Fifth  Air  Conditioner 


\fes*sar~ 
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1.0  INEOXCnON 


This  report  is  a  supplement  to  the  detailed  account  (July  16,  1982) 
of  sampling  and  analysis  of  four  MERADOi  PATRIOT  Heater/Air  Conditioners 
and  covers  one  additional  unit  (SN  301160) .  This  unit  had  been 
previously  tested  by  Skinner  &  Snerman  for  Raytheon  and  shown  to  emit 
acrolein  at  the  2.5  to  5  mg/ta3  level.  MERADCDM  decided  to  test  this 
unit  with  the  same  metnods  (June  11,  1982  Test  Plan)  applied  to  the 
intensive  study  of  four  new  units. 
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2.0  SAMPLING 

Sampling  activities  were  conducted  on  July  15,  1982  at  the  VSE 
facility  in  Alexandria,  Virginia  for  selected  inorganic  and  organic 
compounds  as  described  in  tne  Test  Plan  dated  June  11,  1982.  The  PATRIOT 
Heater/Air  Conditioner  unit  sampled  was  designated  as  Unit  R3.  During 
sampling,  tne  PATRIOT  unit  was  operated  continuously  in  the  hign  heat 
mode.  Sampling  techniques  were  identical  to  those  used  previously  on 
June  30  and  July  2,  1982.  Sampling  techniques  were  used  which  would 
allow  the  detection  of  the  target  parameters  acrolein,  aromatics  (less 
than  120  molecular  weight) ,  a  broad  range  of  organic  compounds, 
formaldehyde  and  hydrogen  cyanide. 

The  MERADCCM  PATRIOT  Heater/Air  Conditioner  was  positioned  near  the 
overhead  bay  door  for  sampling  activities.  A  ten-inch  diameter  intake 
duct  was  placed  into  position  at  a  point  along  the  exterior  wall  of  the 
building  approximately  three  feet  from  the  edge  of  the  overhead  bay  door 
frame.  Thus,  intake  air  originated  from  a  area  away  from  the  units 
exhaust.  Tb  adequately  separate  the  exhaust  from  the  intake,  the  area  in 
which  the  unit  was  located  was  completely  sealed-off  from  the  intake 
using  a  sheet  of  polyethylene  and  placing  it  in  position  so  it 

effectively  sealed  the  air-conditioned  warehouse  area  from  the  outside 
environment.  All  other  ductwork  was  unaltered  from  the  original 
testing.  There  was  no  vehicular  traffic  in  the  area  of  the  intake  during 
the  three  hour  sampling  period. 

The  monitoring  operation  was  conducted  the  same  as  previously 
described  in  the  summary  of  results  submitted  July  16,  1982.  Curing 

sampling  activities,  VSE  Corporation  personnel  recorded  ambient,  unit 

intake,  and  unit  exhaust  temperature  at  15-minute  intervals  as  well  as 
voltage,  wattage,  Hobbs  hours  meter  recordings,  and  static  pressure 

created  by  unit  operation.  Suitmary  of  total  samples  collected  is 
presented  in  T£bie  1. 
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TABLE  1 

SUMMARY  OF  TOTAL  SAMPLES  COLLECTED  PGR  PA3SIOT 
HEATER/AIR  OGtOITIQNEK  DESIGNATED  AS  S3 


Blanks  Uhit 


Intake 

Exhaust 

Field 

Lab 

Summary 

Hour  1 

Tfenax  lUbes 

3* 

3* 

3* 

3* 

12 

Charcoal  lUbes 

3* 

3* 

3* 

3* 

12 

0.1M  NaOH 

1 

1 

1 

— 

3 

11  NaHSOj 

2** 

2** 

2** 

6 

Hour  2 

Itenax  lUbes 

3** 

3** 

6 

Charcoal  lUbes 

3** 

3** 

■  — 

— 

6 

0.1M  NaOH 

i 

1 

— 

— 

2 

1%  NaHSQ3 

2** 

1 

M 

3 

Hour  3 

Ifenax  lUbes 

3** 

3** 

1 

1 

8 

Charcoal  lubes 

3** 

3** 

1 

1 

8 

0.1M  NaOH 

1 

1 

— 

— 

2 

1%  NaHS03 

2** 

1 

- ' 

— 

3 

71 


*  Duplicate  Itenax  and  charcoal  samples,  and  blanks  were  collected  and 
submitted  to  U.S.  AEHA  and  Raytheon/Sk inner  &  Sherman  for  analysis. 

**  Duplicate  1%  SaHS03  (sodium  bisulfite)  impinger  samples  and  field 
blanks  were  collected  and  submitted  to  Raytheon/Skinner  &  Sherman 
for  analysis  of  acrolein  using  NIQSH  P&CAM  211  methodology. 


Vtna*. 
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iiroediately  after  each  one-hour  sampling  run,  all  samples  were 
appropriately  sealed  and  placed,  with  ice  packs,  in  coolers.  They  were 
maintained  in  this  refrigerated  condition  until  returned  to  the 
laboratory.  There,  the  appropriate  samples  were  either  turned  over  to 
Versar's  laboratory  or  prepared  for  shipment  to  Skinner  &  Sherman  and 
U.S.  AEHA.  The  latter  were  packed  in  ice  (blue  ice)  and  shipped  via 
federal  Express  and  delivered  the  next  day.  A  completed  chain-of-custody 
record  (see  Appendix  I)  accompanied  the  samples  for  each  laboratory.  The 
chain-of-custody  records  also  contained  sampling  duration  and  sampled 
volume  data. 

The  volume  of  air  sampled  at  each  point,  as  reported  on  the 
chain-of-custody  record,  was  determined  from  the  known  sampling  duration 
and  the  calibrated  flow  rates  of  the  sampling  pumps.  This  volume  was 
calculated  as: 

Sampled  iblume  »  Sampling.  Duration  (time)  x  Flow  Rate 

Prior  to  each  sampling  day,  the  pumps  were  calibrated  with  the 
appropriate  sampling  train  in  place.  A  soap-film  bubble  flowneter  was 
used  for  these  calibrations  and  the  punp  flow  rates  were  assumed  to  be 
constant  throughout  the  sampling  period. 


G 
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3.0  ANALYSIS 

3.1  Summary 

All  methods  and  reference  procedures  can  be  found  in  the  July 
16,  1982  report.  Laboratory  sampling,  handling  and  control  was  charged 
to  isolate  the  iapinger  tuoes  for  any  contact  with  normal  laboratory 
air.  No  laboratory  contamination  in  either  Ttenax  or  charcoal  traps  was 
observed. 

3.2  Results  and  Conclusions 

A  summary  of  the  results  for  this  unit  is  given  in  Table  2. 
The  results  continue  to  show  a  real  contamination  of  intake  air  by 
toluene.  As  was  the  general  trend  with  the  other  four  units,  the  exhaust 
toluene  was  somewhat  higher  indicating  possible  generation  by  units.  But 
like  the  other  four  units  the  level  observed  is  0.04  wq/rn^  and 
therefore  not  likely  a  problem. 

The  analysis  by  target  parameter  are  summarized  below: 

1.  Acrolein  -  Ttenax  -  not  useful 

Charcoal  -  not  useful 

1%  NaHS03  -  not  found  (d.l.  0.06  mg/ta^) 

2.  Aromatics  -  Ifenax  -  none  found 

Charcoal  -  none  found 

3.  General  Organics  -  Tenax  -  none  found 

Charcoal  -  none  found 

4.  Formaldehyde  -  1%  NaKSOj  -  none  found 

5.  HCN  -  Cyanide  -  0.1M  NaCH  -  none  found 

The  PATRIOT  Heater/Air  Conditioner  (SN  801160)  did  not  produce  any  of  the 
target  parameters  at  significant  levels  in  the  sampling  configuration 
tested. 
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TABLE  2 

RESULTS  FOR  UNIT  801160  (ag/»3) 


Hour 

Hour 

Hour 

PARAMETER 

LOCATION 

1 

2 

3 

Ttenax* 

Benzene 

Intake 

<0.01 

MM 

MM 

Tubes 

Exhaust 

<0.01 

<0.01 

<0.01 

Ibluene 

Intake 

0.02 

MM 

— 

Bchaust 

0.04 

" 

Tr  i  ciilor  oe  thlene 

Intake 

tr 

MM 

__ 

Exhaust 

tr 

~ — 

Charcoal** 

General 

Intake 

ND 

ND 

ND 

Tubes 

Bchaust 

ND 

ND 

ND 

0.1  NaCH 

HCN 

Intake 

<0.020  <0.020 

<0.020 

Exhaust 

<0.020  <0.020 

<0.020 

1%  NaHSOj 

Acrolein 

Intake 

<0.06 

<0.06 

<0.06 

Bchaust 

<0.06 

<0.06 

<0.06 

1%  NaHS03 

fbrmaldehyde 

Intake 

<0.06 

<0.06 

<0.06 

Bchaust 

<0.06 

<0.06 

<0.06 

*  Primarily  GC/MS 

**  Primarily  GC/TID  (supported  GC/MS) . 

tr  a  trace 

ND  a  Not  detected 
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APPENDIX  H 


Results  of  Sampling  and  Analysis  Conducted 
on  Five  Heater/Air  Conditioners 


RESULTS  OF  SAMPLING  AND  ANALYSIS 
CONDUCTED  ON  FIVE  PATRIOT  HEATER/ AIR 
<DNDmDNERS  AT  THE  VSE  (DHFORAT3DN 
FACILITY;  ALEXANDRIA,  VIRGINIA 


Prepared  by; 

VERSAR  INC. 

6621  Electronic  Drive 
Springfield,  Virginia  22151 
(703)  750-3000 


July  21,  1962 
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PATOIOT  HEMER/AIR  CCNDITICNER 
TEST  PLAN  DEVELOPMENT  OCORDINAXICN  TEAM 

MERADCCM  PftTOIOT  Office 
R.  McfCechnie 
U.S.  AEHA 


R.  Boogiovanni 
3.  Esposito* 

0.  Dogeniero 
R.  Vills* 

MERADCCM  Safety 

B.  Ionge 

Raytheon 

E.  Ecsevault 
A.  Gcanese* 

VSE 


G.  Sarcs* 

R.  Caldwell* 
R.  Molph* 

R.  Sherfy 

Skinner /Sherman 


R.  Berger* 

H.  Dalzell* 

Versar  Inc. 

J.  Richards* 

R.  Ronan* 

S.  Powers* 

N.  Jurinski* 


•Consensus  team  wno  participated  m  tne  development  of  the  June  11,  1982 
test  plan. 
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^  OBLE  2 

«f  PATRIOT  HEATER/AIR  CXNDITICNER  PUN 

(JUne  11,  1982) 

I 


TARGET  PARAMETER  METHDO  OF  TRAPPING 


•f. 

■* 

1. 

Acrolein 

a) 

Ttenax  (cooled) 

ft 

b) 

NIOSH  -  NaHS03  Impinger 

(cooled) 

ft 

jO/ 

2. 

Aromatics 

a) 

Ttenax  (cooled) 

(benzene,  toluene,  etc) 

o) 

Charcoal  (cooled) 

4 

3. 

General  Organics 

a) 

Charcoal  (cooled) 

8 
»■  < 

(phthalates,  etc) 

b) 

Teiax  (cooled) 

1 

4. 

Fbrroaldehyde 

a) 

NIOSH  -  NaHSC3  Impinger 

(cooled) 

0 

5. 

HCN  -  Cyanide 

a) 

NIOSH  -  NaCH  Impinger 

* 

\A 
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TABLE  3 

SttMARY  CP  TOTAL  SAMPLES  COLLECTED  FOR  PATRIOT  HEATER/ 
AIR  QCNDITICKER  PER  UNIT  AND  PER  FOUR  UNITS 


Blanks  Recovery 

Unit 

4  Unit 

Hour  1 

Exnaust 

Intake 

Field 

r^h 

Spike 

Summary 

Summary 

Recovery  Spike 

— 

3* 

3 

3* 

Ttenax  Tabes 

3** 

3** 

3** 

3** 

— 

12 

48 

Charcoal  lUbes 

3** 

3** 

3** 

3** 

— 

12 

48 

0.1M  NaCH 

1 

i 

1 

— 

— 

3 

12 

1%  NaHSQ3 

2+ 

2+ 

2+ 

6 

24 

Hour  2 

Tenax  Tubes 

3** 

3** 

„ 

6 

24 

Charcoal  Tabes 

3** 

3** 

— 

— 

— 

6 

24 

Q.1M  NaOH 

i 

1 

— 

— 

— 

2 

8 

1%  NaHS03 

Hour  3 

2+ 

1 

3 

12 

Ttenax  "Tabes 

3** 

3** 

1 

i 

— 

8 

32 

Charcoal  Taces 

3** 

3** 

1 

i 

— 

8 

32 

O.JLM  NaOH 

1 

1 

— 

— 

— 

2 

8 

1%  NaKS03 

2+ 

1 

— 

— 

— 

3 

12 

74  287 


*  A  recovery  spike  on  Tenax  'was  prepared  by  Versar  and  submitted  to 
U.3.  AEHA  and  Paytheon/Sk inner  &  Sherman  as  well  as  Versar  for 
analytical  analysis  during  the  first  unit's  operation. 

**  Cuplicate  Tenax  and  charcoal  samples,  and  clanks  were  collected  and 
sucmitted  to  U.S.  AfflA  and  Raytheon/Skinner  4  Sherman  for  analysis. 

+  Cuplicate  1%  MaHSOj  (sodium  bisulfite)  impinger  samples  and  field 
blanks  were  collected  and  submitted  to  Raytheon/Skinner  &  Sherman 
for  analysis  of  acrolein  using  NIJSH  P&CAM  211  methodology. 
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table  l 

SOMARX  OF  TOTAL  SAMPLES  COTJJOSD  FCR  PATRIOT 
HKATOR/ATR  CCtOITICNER  DESIOiATED  AS  R3 


Blanks  Lhic 


Intake 

Qchaust 

Field 

Lab 

Summary 

Hour  1 

Tenax  Hides 

3* 

3* 

3* 

3* 

12 

Charcoal  lUbes 

3* 

3* 

3* 

3* 

12 

0.1M  NaOH 

1 

1 

1 

— 

3 

1%  NaHS03 

2** 

2** 

2** 

6 

Hour  2 

Tfenax  TUbes 

3** 

3** 

•Me 

6 

Charcoal  Tubes 

3** 

3** 

— 

— 

6 

O.lM  NaOH 

i 

1 

— 

—  ■ 

2 

1%  NaKS03 

2 •* 

1 

~ 

— * 

3 

Hour  3 

Tenax  Tubes 

3** 

3** 

1  . 

1 

8 

Charcoal  TUbes 

3-#* 

3** 

1 

1 

8 

O.lM  NaOH 

1 

1 

— 

— 

2 

1%  NaHS03 

2** 

1 

— 

— 

3  ' 

71 


*  Duplicate  Ttenax  and  cnarcoal  samples,  and  blanks  were  collected  and 
submitted  to  U.S.  A£HA  and  Pa ytheon/Sk inner  4  Sherman  for  analysis. 

**  Duplicate  1%  NaHSO]  (sodium  bisulfite)  impinger  samples  and  field 
blanks  were  collected  and  submitted  to  Pa ytheon/Sk inner  4  Sherman 
for  analysis  of  acrolein  using  NIOSH  P&GAM  211  metncdology. 
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TABI£  10 

RESULTS  FOR  UNIT  801193  (lug/n3) 


Hour  Hour  Hour 

PARAMETER  LOCATION  123 


Ttenax* 

Benzene 

Intake 

0.01  — 

— 

Tubes 

EXhaust 

<0.01 

0.01 

0.01 

Tbluene 

Intake 

EXhaust 

0.14 

0.11  0.08 

0.05 

Ttichloroethlene 

Intake 

tr 

— 

EXhaust 

tr 

“  ~r 

."harcoal** 

General 

Intake 

ND 

ND 

ND 

Tubes 

EXhaust 

ND 

ND 

ND 

0.1  NaOH 

HCN 

Intake 

EXhaust 

<0.025  <0.025 
<0.025  <0.025 

<0.025 

<0.025 

1%  NaHSC>3 

Acrolein 

Intake 

EXhaust 

<0.375  <0.375 
<0.375  <0.375 

<0.375 

<0.375 

1%  NaHS03 

formaldehyde 

Intake 

EXhaust 

<0.375  <0.375 
<0.375  <0.375 

<0.375 

<0.375 

*  Primarily  GC/MS 

**  Primarily  G C/FID  (supported  GC/MS). 

tr  =>  trace 

ND  *  Not  detected 
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TABLE  11 

RESULTS  TOR  UNIT  801196  (mg/*3) 


Hour 

Hour 

Hour 

PARAMETER 

UCCAXION 

1 

2 

3 

Ttenax* 

Benzene 

Intake 

<0.01 

Tubes 

ESchaust 

<0.01 

0.02 

<0.01 

Tbluene 

Intake 

0.01 

... 

ESthaust 

0.01 

0.03 

0.03 

Tt ichlor oe thlene 

Intake 

tr 

— 

Qchaust 

tr 

tr 

Charcoal*'* 

General 

Intake 

to 

ND 

ND 

TUbes 

Exnaust 

ND 

ND 

ND 

0.1  NaOH 

HOI 

Intake 

<0.025  <0.025 

<0.025 

Exhaust 

<0.025  <0.025 

<0.025 

1%  NaHSOj 

Acrolein 

Intake 

<0.375  <0.375 

<0.375 

ESthaust 

<0.375  <0.375 

<0.375 

1%  NaHS03 

Formaldehyde 

Intake 

<0.375 

1.60***  <0.375 

ESchaust 

<0.375 

<0.375 

<0.375 

*  Primarily  GC/MS 

**  Primarily  GC/FID  (supported  GC/MS) . 

*** Suspect  cnemical  interference, 
tr  *  trace 
ND  *  Mot  detectea 
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TABLE  12 

RESULTS  FCR  UNIT  801188  (ng/W3) 


Hour  Hour  Hour 

PARAMETER  LOCATION  1  2  3 


Ttenax* 

Benzene 

Intake 

C.  01  —  — 

Tubes 

Exhaust 

0.01  0.02  0.01 

Tbluene 

Intake 

Exhaust 

0.04  —  — 

0.08  0.Q3  0.04 

Tr  ichlor oethlene 

Intake 

Exhaust 

fTG 

fr  i 

*r  { 

Charcoal** 

General 

Intake 

ND  ND  ND 

Tubes 

Bchaust 

ND  ND  ND 

0.1  NaOH 

HCN 

Intake 

Exhaust 

<0.020  <0.020  <0.020 
<0.020  <0.020  <0.020 

1%  NafE03 

Acrolein 

Intake 

Bchaust 

<0.060  <0.060  <0.060 
<0.060  <0.060  <0.060 

1%  NaKS03 

Formaldehyde 

Intake 

Bchaust 

<0.060  <0.060  <0.060 
<0.060  <0.060  <0.060 

*  Primarily  GC/MS 

**  Primarily  GC/FID  (supported  GC/M3) . 

tr  =•  trace 

ND  =  Mot  detected 
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ZABLE  13 

RESULTS  FOR  UNIT  801185  (mg/tt3) 


PARAMETER 

LOCATION 

Hour  Hour  Hour 
12  3 

Tlenax* 

lubes 

Benzene 

Intake 

Exnaust 

0.01  — 

0.01  0.01  <0.01 

Ibluene 

Intake 

Exhaust 

o  o 
• 

ss 

I  1 

t  i 

Ttichloroethlane 

Intake 

Exhaust 

tr  — 

tr  tr  tr 

Charcoal*'* 

T\±>es 

General 

Intake 

ESchaust 

ND  ND  ND 

ND  ND  ND 

0.1  NaOH 

BCN 

Intake 

Qchaust 

<0.020  <0.020  <0.020 
<0.020  <0.020  "0.020 

1%  NaHSOj 

Acrolein 

Intake 

Qcnaust 

<0.060  <0.060  <0.060 
<0.060  <0.060  <0.060 

1%  NaKS03 

Formaldehyde 

Intake 

Exhaust 

<0.060  <0.060  <0.060 
<0.060  <0.060  <0.060 

*  Primarily  QC/MS 

**  Primarily  GC'FID  (supported  GC/MS) . 

tr  *  trace 

ND  *  Not  detected 
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TA3LS  2 

RESULTS  PCR  LNIT  801160  (ng/ta3) 


Hour 

Hour 

Hour 

PARAMETER 

LOCATION 

1 

2 

3 

Itenax* 

Benzene 

Intake 

<0.01 

— 

.  _ 

lUbes 

Exhaust 

<0.01 

<0.01 

<0.01 

Ibluene 

Intake 

0.02 

_ 

Exhaust 

0.04 

Trichloroethlene 

Intake 

tr 

_ 

EXhaust 

tr 

—■* 

Charcoal** 

General 

Intake 

ND 

ND 

ND 

lubes 

EXhaust 

ND 

ND 

ND 

0.1  NaOH 

HCN 

Intake 

<0.020  <0.020 

<0.020 

Exhaust 

<0.020 

<0.020 

<0.020 

1%  NaHS03 

Acrolein 

Intake 

<0.06 

<0.06 

<0.06 

EXnaust 

<0.06 

<0.06 

<0.06 

1%  NaHSC3 

Formaldehyde 

Intake 

<0.06 

<0.06 

<0.06 

EXnaust 

<0.06 

<0.06 

<0.06 

*  Primarily  QC/ttS 

**  Primarily  GC/FID  (supported  GC/MS) . 

tr  =  trace 

ND  =  Not  detected 


‘*7 


Vensar 


RESULTS  AND  ODMCTXEDMS 
BOR 

TARGET  PARAMETERS 
BOR 

801193/801196/801188/801185/801160 


Target  farameter 

Ra  3ult 

Conclusion 

Acrolein 

tbne  found 

* 

Aromatics 

Traces  Benzene 

Traces  Tbulene 

Traces  Trichloroethylene 
Traces  Ethylbenzene 

* 

General  Organics 

None  found 

* 

formaldehyde 

None  found 

* 

%drogen  cyanide 

Rons  found 

* 

♦None  of  the  target  parameters  are  present  in  the  high  heat  mode 
discharge  air  in  the  sampling  configuration  tested. 


Versar. 


R1 

R2 

R3 

VI 

VA 

VB 

BC 

VP 

VR3 

Materials 
Above  TWA 

Nb 

No 

AOOLEIN 

No 

No 

NO 

No 

No 

No 

Organics 
Rxmd  Below 

TWA 

YES 

YES 

YES 

YES 

YES 

YES 

YES 

YES 

YES 

Inotganic 
Round  Below 
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TABLE  5 

VOLATILE  ORGANICS  CEnSHINED  BY  THE  APPROVED  EPA 
METHODOLOGY  METHOD  624  AND  THEIR  gORRESTOHOING  TIME 
WErOffTHD  AVERAGES  (TVJA1)  AND  EETBCTABU5  MOUNTS 


Vela tile  Organics 

TLV-THA2 

Cfcna.  (ppm)  air 

Chlorcme thane 

100 

<0.01 

Broncme thane 

20 

<0.01 

Vinyl  Chloride 

1.0 

<0.01 

Chloroe thane 

1000 

<0.01 

Methylene  Chloride 

500 

<0.01 

Acrolein 

0.1 

<0.01 

Tri  chlorofluorcmethane 

1000 

<0.01 

Acrylonitrile 

2.0 

<0.01 

1, 1-Oichloroethylene 

— 

<0.01 

1,  l-Oichlooethana 

100 

<0.01 

Ttana-1 , 2-dichIaroethylane 

200 

<0.01 

Chloroform 

10 

<0.01 

1, 2-Dichloroethane 

50 

<0.01 

1,1, 1-Trichloroe thane 

350 

<0.01 

Carbon  Tetrachloride 

10 

<0.01 

Brrecrii  chloraaa  thane 

— 

<0.01 

1, 2-Di  chlor opropane 

75 

<0.01 

Trans-1, 3-Dichloiopa-cpane 

— 

<0.01 

Trichloroethylene 

100 

<0.01 

Benzene 

1.0 

<0.01 

1, 1, 2-Trichloroethane 

10 

<0.01 

da-1, 3-Dichloroprcpene 

— 

<0.01 

Dibroacchlcrctne  thane 

— — 

<0.01 

Brcmoform 

0.5 

<0.01 

Tetrachloroethylene 

100 

<0.01 

1 , 1 , 2 , 2-Tetrachloroe thane 

5.0 

<0.01 

Tbluena 

200 

<0.01  1 

Chlorobenzene 

75 

<0.01 

Ethylbenzene 

100 

<0.01 

2-<hloroethyi  vinyl  ether 

— 

<0.01 

^  TV®.  »  Time  Weighted  Average. 

(Level  in  ppn  at  which  worker  can  be  exposed  for  8  hours  without  damage  to 
health,  as  determined  by  CSiA. ) 

2  OJIOSJ/CSiA  Pocket  Guide  to  Chemical  Hazards,  Sept.  197S,  Seprinted  August 
1980. 


PA33CDT  PARAMETER'S  INVESTIGATED 


Inorganic 

Organic 

R1 

Mb 

100*  a 

R2 

Mo 

100'a 

R3 

Mb 

100' a 

VI 

HCM,  HF,  BO. 

100' a 

VA 

HCM 

100  >  +  Acrolein/Ebrma  ldehyde 

V8 

HCM 

100*8  +  Acrolein/Ebrmaldehyde 

VC 

HCM 

100  'a  +  Acrolein/Ebrmaldehyde 

VD 

HCM 

100 'a  +  Acrolein/Ebrmaldehyde 

HC» 


VR3 


100's  +  Acrolein/Ebrmaldehyde 


Significant 

Irritant 

Kourtri 


Vtrsar„ 


8sxx«aKKrx3N5 


1.  PMK3DT  Lhit  disassembled  by  an  investigative  team  (mechanical 
engineer  and  environmental  scientist) 

— Verify  mechanical  specifications 

— Find  suspect  materials  that  oould  add  irritants  to  discharge  air 
— Ttest  suspect  materials  over  observed  operational  temperature  range 


2.  Ttest  entire  enclosure  of  the  type  that  caused  original  incident 

— Develop  plan  with  feythecn/Sk inner  &  Shtrnan/U.S.  AEHA 
— Improve  SSA  technique  as  required 
— Qontrol  input  air 
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Minutes  of  Meeting  on  21  July  1982 
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DEPARTMENT  OF  THE  ARMY 

US  ARMY  MOBILITY  EQUIPMENT  RESEARCH  ft  DEVELOPMENT  COMMAND 
PORT  8ELVOIR.  V1ROINIA  22060 


DROME-  EPAT 


AUS » 1  3  1912 


SUBJECT:  PATRIOT  Air  Conditioner  Testing  for  Toxic  Gases 


Project  Manager 

PATRIOT  Missile  System,  DARCOM 
ATTN:  DRCPM-MD-T-C  (Mr.  Huie) 
Redstone  Arsenal,  AL  35898 


1.  Attached  (Incl  1)  for  your  information  are  the  minutes  for  the  meeting 
held  on  21  July  1982  to  discuss  the  results  of  Irritant  testing  of  five  (5) 
production  PATRIOT  Air  Conditioners  conducted  during  the  period  30  June  - 

2  July  1982. 

2.  It  should  be  noted  that  final  reports  covering  the  Irritant  testing  of 
these  five  (5)  PATRIOT  Air  Conditioners  were  distributed  at  the  meeting. 

FOR  THE  COMMANDER: 


1  Incl 


V*. 

ROBERT  M.  McKECHNIE 
Development  Project  Officer 
PATRIOT  Support  Project  Office 


Wf. 

AEHA  (Mr.  Doganiero,  Cpt  Critz,  Mr.  Valis) 

DARCOM,  DRCSG  (LTC  Vorpahl,  Mr.  Svalina) 

Raytheon  Co  (Mr.  Somes) 

Comdt ,  USAADS,  ATTN:  ATSA-TSM-P,  Ft.  Bliss,  TX  79916 
ASD-SE,  WPAFB  (Mr.  Price,  Dayton,  OH  45433 
VSE  (Mr.  Sherfy,  Mr.  Adolph) 

VERSAR  (Dr.  Ronan,  Mr.  Richards) 

Skinner  6  Sherman  (Mr.  Dalzell) 

DRDME-ZS,  Safety  Office 
-UE  (Mrs.  Gutmann) 

-EM  (Good) 
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DEPARTMENT  OP  THE  ARMY 

US  Aft  MY  MOBILITY  EQUIPMENT  RESEARCH  *  DEVELOPMENT  COMMAND 
PORT  BEIVOIR.  VIRGINIA  220*0 
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MEMORANDUM  FOR  RECORD 

SUBJECT:  Minutes,  Meeting  to  Review  Results  of  Irritant  Testing  of  PATRIOT 
Air  Conditioner,  VSE  Corporation,  21  July  1982  . 


i 


1.  Short  concise  synopsis  of  meeting:  The  results  of  the  irritant  testing  of  five  (5) 
new  production  PATRIOT  Air  Conditioners  were  discussed.  Air  samples  were  taken  by 
VSE/VERSAR  and  the  analysis  was  performed  by  the  Army  Environmental  Hygiene  Agency 
(AEHA),  VERSAR,  and  Skinner  8  Sherman.  It  was  concluded  that  none  of  the  target 
parameters  were  present  in  the  air  flow  from  the  Air  Conditioners  when  they  ■were 
operating  ip  the  high  heat  moc’e  and  tested  to  the  agreed  sampling  configuration. 

The  target  parameter  included  acrolein,  aromatics  (benzene,  toluene,  etc) ,  general 
organics  (phthalates,  etc),  formaldehyde  and  HCN-Cyanide.  A  follow-on  test  program 
was  proposed. 

2.  Personnel  Present.  See  attached  list. 


I 
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3.  Background; 

a.  In  a  meeting  on  8  June  1982  between  representatives  of  MERADCOM,  AEHA,  VSE, 
VERSAR,  Raytheon,  and  Skinner  8  Sherman,  a  draft  test  plan  was  initiated.  This 
was  later  finalized  into  a  coordinated  test  plan  which  included  a  summary  of  the 
proposed  sampling  program,  summary  of  samples  to  be  collected  and  anlayzed  by  the 
three  laboratories  and  the  analytical  methodologies  to  be  used  for  analyses  of  the 
agreed  on  parameters. 

b.  Tests  on  four  (4)  prcduction  PATRIOT  Air  Conditioners  began  at  VSE  Corp. 
facility  on  30  June  1982  and  was  completed  on  2  July  1982.  Tests  were  accomplished  on 
the  fifth  (5)  Air  Conditioner  on  IS  July  1982.  This  fifth  Air  Conditioner  (S/N  801160) 
had  been  tested  in  April  1982  by  Skinner  8  Sherman  and  was  found  to  exhibit  a  high 
level  of  acrolein  when  operated  in  the  high  heat  mode. 

4.  Discussion: 


I 

B 
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a.  VERSAR  did  a  complete  review  of  various  methods  and  techniques  that  were  used 
in  obtaining  samples  of  air  in  the  testing  of  the  five  (5)  PATRIOT  air  conditioners. 
They  included  explanations  of  the  many  precautions  which  they  took  to  be  assured  that 
the  gas  samples  taken  were  not  contaminated  and  that  the  samples  clearly  represented 
the  content  of  the  air  as  it  entered  and  exited  from  the  PATRIOT  air  conditioner. 
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b.  Considerable  coordination  was  required  between  the  three  laboratories  as 
they  finalized  and  agreed  on  the  test  and  sampling  plan,  this  close  coordination 
effort  also  was  required  during  the  analysis  of  the  samples. 


c.  The  result  of  the  analysis  performed  by  AEHA,  V2RSAR,  and  Skinner  3  Sherman 
indicated  that  none  of  the  target  parameters  were  produced  by  or  from  any  of  the  five 
C5)  PATRIOT  air  conditioners  tested  by  VERSAR  at  the  VSE  Corp  facility.  These 
target  parameters  included  acrolein,  aromatic  organic  compounds,  general  organics, 
formaldehyde  and  hydrogen  cyanide. 


d.  Complete  reports  on  the  results  are  on  file  in  the  PATRIOT  Support  Project 
Office. 


S.  Conclusion.  The  meeting  concluded  that: 


a.  Acrolein,  hydrogen  cyanide  and  the  other  target  parameters  were  not  produced 
by  or  from  any  of  the  PATRIOT  Air  conditioners  tested. 


b.  Further  effort  should  be  expended  in  examining  the  various  materials  in  the 
PATRIOT  air  conditioner  to  determine  if  there  are  any  breakdowns  in  the  material 
at  the  temperatures  which  the  materials  are  exposed  to  within  the  air  conditioner 
when  it  is  operating  in  the  high  heat  mode. 

6.  Actions:  It  was  recommended  that  the  following  actions  be  initiated  in  an  effort 
to  resolve  this  potential  problem  of  irritant  gases  from  the  air  conditioner: 

a.  PATRIOT  Air  Conditioner: 


(1)  Temperature  and  air  flow  survey  when  unit  is  operating  in  high  heat  mode 
with  the  oVertemperature  device  shorted  out. 

'  .  | 


(2)  Same  as  a(l)  except  that  the  right  outlet  port  shall  be  blocked. 

(3)  Identify  and  analyze  the  various  materials  that  could  add  irritants  to  the 
discharge  air  within  the  temperature  range  determined  above. 

(.4)  Review  manufacturing  process  on  foam  to  determine  if  acrolein  or  other  irritant 
gas.es  could  be  entraped  in  the  material. 

b.  PATRIOT  CRG  Shelter:  Conduct  a  sampling  and  analysis  test  on  the  CRG 
shelter  with  air  conditioner  (S/N  80113)  to  determine  the  existance  of  irritant 
gases. 


Based  on  results  of  tests,  make  the  necessary  recommendation  that  would  allow 
the  air  conditioners  to  be  operated  in  the  high  heat  mode. 


JT-3 
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GEORGE  F.  SAMS 
V5E  Corporation 


ROBERT  M.  McKECHNIE 
Development  Project  Officer 
PATRIOT  Support  Project  Office 
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July  21,  1982 


DISCUSSION  OF  IRRITANT  GAS  TEST 
ON  PATRIOT  AIR  CONDITIONERS 


ATTENDEES 

REPRESENTING 

PHONE  NUMBER 

Ralph  Adolph 

VSE  Corporation 

(703)  960-4600 

CPT  Walter  Critz 

USAEHA 

(301)  671-2208 

Haldean  Dalzell 

Skirner  &  Sherman  Labs 

(617)  890-7200 

uonna  M.  Doganlero 

USAEHA 

(301)  671-2559 

Franklyn  Good 

DB  DKE-  EM-MESA.' rOM 

(702)  664-6031 

James  L.  Huie 

PA7RI0T  Project 

(205)  895-3530 

Nell  Jurinski 

Consultant  to  Versar 

(703)  978-0642 

Robert  M.  McKechnle 

MERADCOM 

(703)  664-5871 

John  Richards 

Versar,  Incorporated 

(703)  750-3000 

Rich  Ronan 

Versar,  Incorporated 

(703)  750-3000 

George  Sams 

VSE  Corporation 

(703)  664-5871 

Bob  Sherfy 

VSE  Corporation 

(703)  960-4600 

Larry  Somes 

Raytheon  Corporation 

(617)  274-7100 

John  A.  Svalina 

DARCOM  Surgeon  Office 

(202)  274-9470 

Bob  Vails 

USAEHA 

(301)  671-2208 

LTC  Ken  Vorpahl 

DARCOM  Surgeon  Offics 

(202)  274-9470 
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Test  Plan  for  Task  1  and  Task 
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2.  TASK  1  -  RECOMMENDATIONS  1  AND  2 

2.1  Mechanical  and  Material  Investigation  of  a  PATRIOT  Heater/Air 
Conditioner. 

Sased  on  all  Infomatlon  at  the  July  21,  1382  Review,  It  was 
recommended  that  a  detailed  Investigation  of  the  design  and  material  In 
the  heater  portion  of  a  typical  unit  be  carefully  checked  by  a  team  of 
experts.  Recommendations  1  and  2  (Table  2)  cover  all  specific  concerns 
mentioned.  Task  1  will  Implement  those  recommendations.  In  this  section 
of  the  Plan  the  makeup  of  the  Investigative  Team  and  the  details  of 
approach,  materials  choice  and  criteria,  and  analytical  methods  will  be 
defined.  The  objective  of  this  task  Is  to  define  possible  sources  of 
chemical  Irritant  production  In  a  unit  In  the  heating  (or  high  heating) 
mode.  The  unit  chosen  for  detailed  review  Is  the  new  unit  tested  by 
Raytheon/Skinner  4  Sherman  and  later  by  VSE/Yersar  Inc.  and  has  SN 
801160.  The  unit  will  be  carefully  reviewed  by  the  Investigative  team 
and  equivalent  materials  purchased  and  tested. 

2.2  Development  of  Investigative  Team. 

The  Investigative  Team  will  be  composed  of  experts  who  will  be 
able  to  pinpoint  sources  of  chemical  Irritants  In  the  heated  zones  within 
Unit  801160.  The  team  will  be  composed  of  engineer  expertise  provided  by 
Raytheon  and  VSE ;  Chemical  expertise  (both  material  and  toxologlcal)  will 
be  provided  by  U.S.  AEHA,  Skinner  4  Sherman,  and  Yersar.  The  following 
team  makeup  has  been  suggested: 

Raytheon  -  A.  Granese 

VSE  -  R.  Sherfy 

U.S.  AEHA  -  G.  Esposito,  8.  Valis 

Skinner  S  Sherman  -  H.  Oalzell 

Versar  -  R.  Ronan,  J.  Richards,  C.  Carter,  S.  Powers 


J- I 


Vmur. 

6 

Additional  persons  fro*  all  participating  organizations  eight  be  added 
between  now  and  the  Inspection  date  of  August  9,  1982  as  required. 

2.3  Mechanical  and  Electrical  Review 

The  Major  task  In  the  mechanical  and  electrical  review  will  be 
the  disassembly  of  a  unit  by  the  Investigative  tea*.  This  Is  Intended  to 
pinpoint  any  problems  with  the  design  or  construction  of  the  units  which 
could  result  In  the  release  of  irritants  or  toxicants.  In  order  to  do 
this  the  Investigative  tea*  will  verify  adherence  to  the  aechanlcal, 
electrical  and  oaterial  specifications  as  set  forth  In  MIL-A-52%3  (ME) 
and  related  docuaents.  The  Investigative  tea*  will  note  any  suspect 
oaterial s  (plastics,  elastoaers.  Insulation,  paint)  which  nay  cone  In 
close  proxlalty  to  the  heating  rods. 

A  preliminary  Inspection  was  done  to  begin  the  process  of 
oaterial  collection.  Bob  Sherfy  of  YSE  and  Charles  Carter  of  Versar 
conducted  a  preliminary  Inspection  of  a  unit  on  July  28,  1982.  This 
Inspection  Identified  a  number  of  components  present  In  the  heater  side 
of  the  PATRIOT  units  which  contain  organic  polymers.  The  military 
specifications  covering  these  components  will  be  obtained  and  the 
materials  In  the  components  will  be  specified.  This  information  will  be 
!  supplied  to  the  Investigative  Tea*  before  the  disassembly  of  a  unit 
begins.  Special  attention  will  be  paid  to  those  oaterial s  which  are  In 
close  proximity  to  the  heating  rods. 

The  unit  which  Is  used  for  nondestructive  disassembly  will  also 
be  used  to  study  the  temperatures  attained  at  various  locations 
(approximately  12  locations)  In  the  unit  under  a  number  of  operating 
conditions.  The  location  and  number  of  the  points  where  thermocouples 
will  be  placed  will  be  chosen  by  the  Investigative  team  performing  the 
disassembly.  The  proposed  operating  conditions  are: 

1.  normal  high  heat  mode 

2.  normal  high  heat  mode  with  501  of  the  discharge  air  blocked 

J.  nigh  heat  mode  with  the  safety  temperature  sensor  bypassed. 
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The  normal  high  heat  mode  Is  chosen  because  It  will  be  a  common  operating 
situation  during  cold  weather.  During  the  preliminary  Inspection  Bob 
Sherfy  described  a  second  condition  that  can  cause  the  flow  of  discharge 

air  to  decrease  If  there  is  no  place  for  air  to  escape  from  the  CRG.  In 

this  case  the  abolent  pressure  Inside  the  CRG  increases  to  an  extent 
where  the  net  flow  from  the  heating  unit  Is  reduced  substantially.  This 
could  cause  Increased  temperatures  Inside  the  unit  and  thus  the  second 
set  of  conditions  have  been  chosen.  Bob  Sherfy  also  noted  that  50i  of 

the  units  have  the  air  Intake  on  the  same  side  of  the  unit  as  the  safety 

temperature  sensor.  This  could  cool  down  the  temperature  sensor, 
allowing  the  rest  of  the  unit  to  reach  higher  temperatures  than 
expected.  The  third  set  of  condltons  will  simulate  these  conditions  and 
all  conditions  used  In  tests  to  date. 

The  temperature  sensing  probes  will  be  Installed  after  the 
Investigative  team  has  disassembled  the  unit.  This  will  assure  that  the 
Investigative  team  Is  Inspecting  a  unit  which  is  representative  of  one  as 
It  would  arrive  directly  drom  the  manufacturer.  YSE  will  study  the  air 
flow  characteristics  of  the  unit  In  conjunction  with  the  temperature 
study. 


2.4  Material 

Many  organic  based  materials  In  the  units  were  noted  In  the 
preliminary  inspection  done  by  Sherfy  and  Carter.  Yersar  is  currently 
obtaining  the  military  specifications  on  these  materials.  The  actual 
chemical  Identity  of  the  materials  will  be  obtained  from  the  military 
specifications  and  from  the  manufacturers  and/or  suppliers  of  the 
materials.  Other  materials  noted  by  the  Investigative  Team  will  be 
handled  in  an  Identical  manner.  . 
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The  most  abundant  organic  Material  In  the  unit  Is  the 
polyvinylchloride-acrylonitrile  black  insulating  foam.  Since  this  Is 
present  In  large  quantities,  Versar  trill  obtain  detailed  Information 
concerning  the  Materials  and  processes  used  In  the  Manufacture  of  this 
Material. 

Once  the  chemical  Identities  of  the  Materials  In  the  unit  are 
known  It  trill  be  possible  to  aake  preliminary  determinations  of  the 
potential  thermal  degradation  products  of  the  materials.  Literature 
sources  trill  be  consulted  to  determine  the  probable  products. 

2.5  Thermal  Degradation  Experiments 

Two  different  types  of  thermal  degradation  experiments  are 
planned.  The  first  will  determine  the  extent  of  outgassing  and  breakdown 
of  various  organic  materials  In  the  units  at  temperatures  expected  In  the 
units.  The  second  experiment  will  determine  decomposition  products  at 
much  higher  temperatures  than  those  expected  during  normal  operation. 
This  will  simulate  the  accidental  direct  contact  of  one  of  these 
materials  with  the  heating  rods.  Both  experiments  will  be  done  at 
ambient  air  pressure. 

2.5.1  Operating  Temperature  Experiment 

The  first  experiment  will  simulate  the  behavior  of  the  various 
materials  during  normal  operation  of  the  units.  This  experiment  is 
intended  to  determine  whether  any  Irritants  or  toxicants  will  be  released 
from  the  materials  at  the  temperatures  expected  during  normal  operation.. 
The  experiment  will  be  performed  as  described  below. 

A  known  amount  of  a  sample  will  be  placed  Inside  an  all  glass 
container.  The  container  will  be  closed  so  It  Is  gas  tight,  and  It  will 
be  heated  in  a  water  bath  at  ambient  temperature  and  at  180*F  (the  exact 
higher  temperature  will  be  determined  by  the  Investigative  Team).  These 
represent  the  likely  extremes  of  temperature  the  unit  may  experience  In 
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the  heating  aode.  The  sample  will  be  held  at  the  specified  temperature 

for  4  hours.  At  the  end  of  this  period  the  reaction  flask  will  be 

flushed  with  ultrapure  helium  Into  a  trap  containing  Porapak  R  (80/100 

mesh)  or  Porapak  M  (80/100  oesh)  held  at  approximately  -78*C.  After  the 

flushing  Is  complete  the  trap  will  be  heated  and  the  compounds 

(Ice-acetone  bath)  released  will  be  analyzed  by  GC/MS.  Porapak  R  Is 

suggested  because  other  authors  have  found  It  to  have  a  superior 

efficiency  for  compounds  such  as  hydrogen  cyanide  and  acrolein  than  more 

coenonly  used  sorbents  such  as  Tanax  SC.1  Porapak  N  Is  the  absorbent 

2 

suggested  by  EPA  for  the  analysis  of  acrolein  and  acrylonitrile.  The 
final  choice  of  the  analytical  column  will  be  based  on  preliminary 
tests.  As  many  as  ten  unit  materials  will  be  tested  by  this  headspace 
procedure  at  two  temperatures  each.  Those  which  out gas  or  degrade 
significantly  at  the  higher  temperature  will  be  studied  at  two 
Intermediate  temperatures  also,  probably  120*and  150*F.  Thu  results  from 
this  first  set  of  experiments  will  determine  which  of  the  materials  may 
under  normal  operating  conditions  release  Irritants  or  toxicants. 

Special  preparation  steps  will  be  taken  in  the  case  of  certain 
materials.  There  are  a  nvaaber  of  adhesives  and  sealants  In  the 
heater/air  conditioner  unit  which  should  be  tested.  These  materials  will 
be  applied  to  the  Inside  of  the  flask  and  will  be  allowed  to  dry.  At  the 
end  of  the  drying  period  the  epxe*iment  will  be  run  as  usual.  While  a 
number  of  volatile  organic  compounds  will  probably  be  released  during  the 
drying  process,  these  are  not  relevant  to  the  problem  at  hand.  Any 
operational  unit  will  have  been  allowed  sufficient  drying  time  during  the 
assembly  and  shipping  of  the  unit  to  remove  these  compounds.  For  some 
materials  It  may  be  necessary  to  measure  the  gasses  in  the  headspace 
during  the  drying  process. 

Yersar  will  determine  the  recoveries  of  some  important 
compounds  with  the  trapping  and  analysis  system  proposed  here.  A  weighed 
amount  of  a  compound  of  Interest  will  be  spiked  Into  the  reaction  flask 
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In  the  absence  of  any  other  materials.  The  system  trill  then  be  boated, 
purged  and  analyzed  as  usual.  Comparison  of  the  amount  added  with  the 
amount  recovered  will  Indicate  the  effectiveness  of  the  analytical 
system.  Acrolein  and  acrylonitrile  will  definitely  be  subjected  to  this 
procedure.  The  review  of  the  materials  used  in  the  unit  may  point  out 
other  compounds  for  which  recoveries  should  be  tested. 

Every  experiment  will  contain  a  Isotoplcally  labeled  Internal 
standard  or  surrogate  compound.  It  Is  expected  that  the  recoveries  of 
these  standards  will  be  somewhat  Inconsistent  because  a  portion  of  the 
Internal  standard  will  adsorb  to  the  material  being  tested.  The  extent 
of  sorption  will  depend  on  the  nature  of  the  material  and  the  surface 
area  of  the  material.  Since  these  will  not  be  the  same  for  all  of  the 
materials,  the  recoveries  will  change.  The  presence  of  the  Internal 
standard  will,  however,  detect  any  gross  malfunctions  In  the  analytical 
system  and  It  will  provide  a  retention  time  standard  for  the  GC/MS 
analysis. 

2.5.2  High  Temperature  Experiments 

The  high  temperature  experiment  will  simulate  the  accidental 
contact  of  one  of  the  organic  materials  wfth  the  heating  rods.  In  order 
to  do  this,  the  material  will  be  placed  in  contact  with  a  metal  surface. 
The  surface  will  then  be  heated  up  to  a  maximum  temperature  of  1200*F. 
Yersar  will  construct  a  metal  heating  apparatus  which  Is  similar  to  the 
heating  rods  used  and  which  can  be  heated  In  a  reproducible  fashion. 
During  the  heating  ultrapure  air  at  atmospheric  pressure  will  be  passed 
over  tne  material.  The  air  will  be  passed  through  a  trap  of  Porapak  R 
held  at  -7d*C  (using  dry  Ice).  Two  chromatographic  columns  will  be  used 
for  GC/MS  analysis.  For  the  very  volatile  compounds  a  col  man  containing 
Porapak  R  or  a  suitable  substitute  will  be  used.  For  the  less  volatile 
compounds  a  fused  silica  capillary  column  coated  with  either  0Y-1  or 
SE-54.  Other  authors  have  successfully  used  similar  trapping  and 
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analytical  conditions  to  study  pyrolysis  and  combustion  products  of 
polymers.1  Vcrsar  will  run  soae  preliminary  tests  to  choose  the 
analytical  col  tarns. 

Approximately  ten  materials  will  be  tested  using  this 
technique.  The  Information  obtained  from  the  manufacturers  and  the 
military  specifications  will  used  to  choose  the  materials.  Some 
materials  that  will  likely  be  Included  are: 

-  acrylonitrile-vinyl  chloride  black  foam 

-  tape  sealant  (sticky  black  material) 

-  heater  groenet  (teflon  or  silicone  bushing  on  heating  rods) 

-  electric  aw  tor  paint 

-  plastic  cover  on  motor  harness  (cable) 

-  plastic  sleeve  on  air  temperature  sensor  probe  wire. 

The  configuration  of  the  heating  system  Is  a  critical  variable 

In  these  experiments.  It  should  conform  as  closely  as  possible  tc  the 

conditions  that  may  occur  In  an  operating  unit.  The  literature  on 

pyrolysis  of  polymers  shows  that  the  products  of  pyrolysis  will  be 

3 

dramatically  different  If  oxygen  Is  excluded  from  the  system.  Another 
Important  variable  Is  the  length  of  time  a  compound  spends  In  the  hot 
zone.  If  the  products  of  thermal  degradation  diffuse  quickly  from  the 
hot  surface  to  a  cooler  zone,  any  further  reactions  will  be  quenched. 
If,  however,  the  compounds  spend  more  than  0.5  seconds  In  the  hot  zone 
(1200*F  in  this  case),  extensive  rearrangements  can  take  place.  This 
will  favor  the  production  of  aromatic  compounds.  In  the  case  of  a 

mechanical  failure  or  a  aanuf acturl ng  error  In  the  units  It  Is  possible 
that  both  cases  of  the  above  conditions  could  apply.  If  a  piece  of 
material  Is  in  contact  with  a  heating  rod,  the  products  from  the  section 
toward  the  edge  of  the  point  of  contact  would  he  exposed  to  oxygen  and 
they  could  diffuse  quickly  away  from  the  hot  zone.  It  Is  likely, 
tnerefore,  that  different  products  will  result  from  the  center  of  the 

point  of  contact  than  from  the  edge  of  the  point  of  contact.  The 
experimental  conditions  will  be  chosen  to  produce  both  conditions  In  one 
experiment. 
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The  available  literature  Indicates  that  a  number  of  Irritants  and 
toxicants  trill  be  produced  during  the  pyrolysis  and  combustion  of  these 
Materials.1*4  The  Information  obtained  fraa  the  high  temperature 
degradation  study  will  reveal  any  materials  which  are  particularly 
unsuitable  for  this  application.  The  experiments  will  also  provide 
fingerprints  of  the  degradation  products  of  the  various  polymers.  The 
Information  obtained  here  may  be  helpful  In  Interpreting  the  data 
collected  from  the  sampling  of  the  CHS  (Task  2). 


2.6  Schedule  and  Milestone  Oates 


Clement 


Plan 

Development 


Date 

Friday,  July  30,  1982,  C08 
Monday,  Aug.  2,  1982,  A.M. 

Wednesday,  Aug.  4,  1982,  Q 

Friday,  Aug.  6,  1982,  COB 


Action/Comment 

-  Send  Draft  of  Plan 

-  Plan  Received  by  All 
Reviews 

-  Verbal  Summary  of 
Comments  to  Versar 
(Ronan  or  Richards) 

-  Written  Sunoary  of 
Comments  to  Versar 
cc  to  MERADCOH 
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Preliminary 

Chemical 

Review 


Information 

Collection 


TASX  1 

Wednesday  July  28,  1982, 
8:30  A.M. 


Thursday,  July  29,  1982, 
8:30  A.M. 


i 

-  Preliminary  Chemical 

Investigation  to  Get  e. 

Major  Materials  Ordered 
(Carter/Sherfy) 

-  Collect  Mil  Specification 

and  t*cg1n  to  Order  Major  ^ 

Material  s 

-  Begin  Library  Efforts 

-  Begin  Laboratory  Prepara- 
tlon 

i 
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Major  Review 

Lab  Work 
Begins 

Draft  Report 
Ca— ents 
Final  Report 
Review 


Monday,  Aug.  9,  1982, 
8:30  A.M. 


Monday,  Aug.  9,  1982 


Friday,  Sept.  10,  1982 
COB 

Wednesday,  Sept.  15,  1982 
COS 

Friday,  Sept.  17,  1982 
COS 

Wednesday,  Sept.  29,  1982, 
8:30  A.M. 


•  Investigation  Team 
Begins  Work  at  VS£ 

Of  PATRIOT  SN  #8u1 160 
(Continues  until 
Complete) 

-  Laboratory  Thermal 
Studies  Begin 
(Nominal  Date-Work 

Effort  to  Begin  ASAP) 

-  Draft  Report  from 
Yersar  Submitted  to  YSE 

-All  Consents  Review 
Yersar 

-  Final  Report  Ready  for 
D1 strl butlon 

-  Review  Meeting  YSE 
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3.  TASK  2  -  RECCHHEMQAT IONS  3,  4,  and  5 
3.1  Summary  of  Target  Parameters 


Yersar  along  with  the  U.S.  Army  Environmental  Hygiene  Agency 
(U.S.  AEHA)  and  Raytheon /Skinner  4  Sherman  developed  a  test  plan  dated 
June  11,  1982  to  monitor  four  PATRIOT  Heater/Air  Conditioners  to  monitor 
potential  Irritants  released  by  the  unit  to  the  air  during  the  high  heat 
operational  mode.  This  test  plan  presented  target  parameters  along  with 
sampling  and  analytical  methodologies.  The  final  approach  to  sampling 
and  analysis  received  concurrence  by  all  members  of  the  Test  Plan 
development  Coordination  Team  as  assembled  on  June  11,  1982.  The  target 
parameters  selected  were: 


-  Acrolein 

>  Aromatics  (less  than  120  molecular  weight) 

-  General  Broad  spectrum  organic  analysis 

-  Hydn>g*n  cyanide 

-  Formaldehyde/acrolein 

All  testing  conducted  during  late  June  and  July  on  the  PATRIOT 
Heater/  Air  Conditioner  units  was  performed  for  the  target  parameters 
above. 

For  the  development  of  this  Test  Plan  to  collect  air  samples  In 
the  CRS  shelter  with  PATRIOT  Heater/Air  Conditioner  Installed,  the 
coordination  team  has  reviewed  the  previous  analytical  results  for  the 
target  parameters  and  have  made  several  reconwendatlons  to  be 
Incorporated  Into  the  sampling  and  analysis  test  plan. 

The  first  recommendation  for  the  target  parameter  list  was  to 
collect  samples  for  all  of  original  target  parameters.  Modification  in 
sampling  and  analytical  methodologies  may  be  made  to  further  ensure 
representative  samples  are  being  collected. 

The  second  recommendation  was  to  Include  the  general  class  of 
compounds  called  amines/polyaraines  as  recommended  target  parameters. 
There  was  concern  by  members  of  the  coordination  team,  that  amines  may  be 
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present  In  components  near  the  heater  box  area  and  may  be  out-gassed  when 
exposed  to  heat.  Therefore,  sampling  and  analysis  of  this  general  class 
of  compounds  has  been  Included  In  the  new  test  plan. 

The  final  recooaendatlon  by  the  coordination  team  to  expand  the 
target  parameter  list,  was  the  addition  of  In  situ  monitoring  for  carbon 
monoxide  and  carbon  dioxide  gases.  These  gases  will  be  monltoried  during 
testing  of  other  target  parameters  using  EPA,  APHA,  and  NIQSH  approved 
methodologies.  The  concern  for  the  Inclusion  of  these  target  parameters 
Is  that  previous  Incidents  In  similar  type  of  shelters  have  shown  that 
the  resultant  problems  were  probably  caused  by  high  1  evils  of  either 
carbon  monoxide  or  carbon  dioxide. 

With  the  Incorporation  of  these  additional  targets  Into  this 
test  plan  for  the  CRG  sampling.  It  Is  felt  by  the  concensus  team  that  all 
chemical  parameters  of  concern  will  be  sampled  and  found  If  present.  The 
following  sections  present  the  sampling  plan,  and  analytical  methods  for 
each  target  parameter  as  performed  by  Yersar,  Skinner  A  Sherman  and  U.S. 
AEHA.  In  audition,  Versar's  approach  to  perform  the  method  validation 
study  of  NIOSH  P4CAM  211  for  acrolein,  and  schedule  for  accomplishing 
this  plan.  Taken  together  these  actions  cover  Recommendations  3,  4  and  5 
stated  In  Table  2. 

3.2  Sampling 

All  sampling  procedures  will  be  either  recommended  or  approved 
EPA,  NIOSH,  or  APHA  methods  for  the  target  parameters  of  interest.  Air 
samples  will  be  collected  for  the  following  chemical  constituents  and 
general  groups: 

-  Acrolein 

-  Aromatics  (less  than  120  nolecular  weight) 

-  General  organics  (broad  spectrum  analysis) 

-  Formaldehyde/acrolein 

-  Hydrogen  Cyanide 

-  Armines  and  polyamines 

-  Carbon  monoxide  and  carbon  dioxide  gas 
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During  previous  discussions  for  the  planning  of  sampling 
activities  to  be  conducted  at  YSE  on  the  four  PATRIOT  Heater/Air 
Conditioners,  agreement  was  reach  among  YSE,  Vers ar,  U.S.  AEHA,  Raytheon 
and  Skinner  A  Sherman  as  to  the  most  appropriate  sampling  media  to 
collect  the  target  parameters  on  originally  Identified  In  the  June  11, 
1982  test  plan.  The  target  parameters  and  sampling  medium  for  each,  as 
originally  agreed  upon  are  presented  below: 

-  Acrolein  -  Tenax  trap  colled  to  7Q*F 

-  Aromatics  and  General  Organics  -  Activated  charcoal  trap 
cooled  to  70*F. 

-  Hydrogen  cyanide  -  0.1M  NaOH  Implnger  solution. 

-  Formal dehyde/acrol el n  -  li  sodium  bisulfite  implnger 

solution. 

In  addition,  the  following  paramters  were  recommended  at  the  July  21, 
1982  meeting  by  the  various  organl2at1ons  Involved  in  the  development  of 
this  test  plan.  These  new  target  parameters  and  their  respective  medium 
are  : 

-  Amines  and  polyamines  -  acidified  Isopropanol  mixture. 

-  Carbon  monoxide  -  continuous  direct  measuring  CO  air  monitor. 

-  Carbon  dioxide  -  long-term  dosimeter  tube. 

All  of  the  above  procedures  will  be  reviewed  by  YSE,  Yersar, 
U.S.  AEHA,  Raytheon/Skinner  I  Sherman  to  ensure  their  applicability  to 
efficiently  collect  the  target  oarameters.  If  changes  are  reconnended, 
they  will  be  reviewed  and  considered  for  Incorporation  into  the  final 
test  plan. 

The  sampling  will  be  conducted  on  the  CRG  shelter  in  Rhite 
Sands,  Mew  i-texico,  during  the  week  of  August  23,  1982.  The  sampling 
excursion  will  be  conducted  In  three  phases  over  a  2-4  day  period.  Phase 
one  will  consist  of  a  complete  inspection  of  the  CRG,  the  PATRIOT 
Heater/Air  Conditioner,  and  a  visual  Inspection  of  all  components  of  the 
shelter.  This  complete  inspection  will  document  existing  conditions 
before  actual  testing  In  the  high  heat  mode.  The  second  phase,  will  be 
testing  for  a  2-  to  4-hour  period  to  determine  if  Irritants  are  present 
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shelter  operating  parameters  (l.e.,  during  the  air  conditioning  mode). 
The  third  phase  will  be  testing  of  the  CRG  shelter  with  the  PATRIOT 
rieater/AIr  Conditioners  In  the  high  heat  mode.  These  tests  will  be 
conducted  over  a  4-hour  period.  Eacn  sample  set  ’/111  be  of  a  one-hour 
duration. 

Versar  proposed  to  draw  air  through  the  various  sampling  media 
at  the  rates  presented  below: 

-  "Porapak"  -  200  -  500  ml /minute;  total  sample  30-60  liters 

-  Tenax  Traps  -  300  -  500  ml /minute;  total  sample  30-50  Mteri 

-  Charcoal  Traps  -  500  -  1000  ml  /Minute;  total  sample  30-60 
liters 

-  0.1  H  NaOH  -  1000  m1/m1nute;tota1  sample  60  liters 

-  11  i!aHS03  -  1000  ml /minute;  total  sample  60  liters 

-  Acidified  isopropanol  -  1000  ml /minute;  total  sample  60 
liters 

The  sampling  rates  for  the  various  media  are  thos  recaaaended  either  by 
NIOSH,  or  agreed  upon  by  all  the  test  plan  participants.  The  sampling 
design  and  summary  of  sample  numbers  are  presented  In  Table  3. 
Triplicate  samples  will  be  taken  for  all  Tenax,  “Porapak*  and  charcoal 
traps  for  submission  of  a  complete  sample  set  to  both  U.S.  A£HA  and 
Skinner  4  Sherman  for  analysis  as  required.  Duplicate  acrolein  samples 
collected  In  the  11  HaHSO^  solution  will  be  collected  for  analysis  by 
Skinner  4  Sherman,  .ra  samples  to  be  taken  will  completely  characterize 
the  exhaust  air  of  the  PATRIOT  Heater/ Air  Conditioner,  the  air  found  In 
the  CRG  shelter  during  each  hour  of  testing,  and  establish  a  baseline  for 
ambient  conditions  in  the  CRG  shelter.  Samples  to  determine  make-up  air 
will  be  collected  for  acrolein  and  general  organics  only. 

3.3  Analysis  by  Target  Parameter  -  Versar 

Organics  analysis  will  be  performed  by  GC/MS  and  GC/FIO 
analysis.  The  following  general  requi rements  for  the  GC/MS  or  GC/FIO 
calibration  and  quantitation  are  specified  for  all  analysis  to  be 
performed.  The  guideline  protocols  to  be  used  for  these  analyses  are 
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TABU  3 

SAMPLING  OESIGN  FOR  AIR  SAMPLES  COLLECTED  IN  THE 
CR6  SHELTER  EQUIPPED  WITH  THE  PATRIOT 
HEATER/AIR  CONDITIONER 


Shelter 

Make-Up 

Blanks 

Recovery 

Hourly 

4-Hour 

Air 

Air 

F1eTcT 

Lab 

Spike 

Summary 

Summary 

Hours  1.2,3,  A 

4 

Recovery  Spike 

~ 

— 

~ 

— 

3* 

3* 

3 

Tenax  Tubes 

3** 

3** 

3** 

3** 

— 

12 

48 

“■Porapak" 

3** 

3** 

3** 

3** 

— 

12 

48 

Charcoal  Tubes 

3** 

3** 

3** 

3** 

— 

12 

48 

0.1  M  NaOH 

1 

1 

1 

— 

3 

12 

IX  HaHS03 

2+ 

2+ 

2+ 

— 

— 

6 

24 

Isopropanol 

1 

1 

1 

— 

— 

3 

12 

CO/CO2++ 

1 

— 

— 

— 

— 

1 

4 

TOTAL  SAMPLES  52  201 


*  A  recovery  splice  on  Tenax  will  be  prepared  by  Versar  and  submitted 
to  U.S.  AEHA  and  Raytheon/Skinner  A  Sherman  as  well  as  Yersar  for 
analytical  analysis. 

**  Duplicate  samples  and  blank  traps  will  be  collected  and  submitted  to 
U.S.  AEHA  and  Raytheon/Skinner  A  Sherman. 

+  Duplicate  li  NaHSU3  (sodium  bisulfite)  impinger  samples  and  field 
blanks  will  be  collected  and  submitted  to  Raytheon/Skinner  A  Sherman 
for  analysis  of  acrolein  using  NIOSH  PAC>*M  211  methodology  * 

++  Carton  monoxide  (CO)  will  be  monitored  continuously  and  carbon 
dioxide  will  be  monitored  using  a  dosimeter. 
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those  established  by  NIOSH  and  EPA.  The  protocols  are:  EPA  Methods  624 
and  625  published  in  the  Federal  Reglster/Yol.  44,  No..  233/Proposed  Rules; 
and  Method  127,  'Organic  Solvents',  published  in  the  NIOSH  Manual  of 
Analytical  Methods,  Second  Edition,  Yol.  1,  April  1977.  All  Tenax  and 
Porapaic  traps  will  be  spiked  with  surrogate  compound  to  assure  and  define 
accuracy  of  performance. 

SC/MS  calibration  requirements  will  be  those  of  EPA  Method 
624/625  and  Ion  abundance  criteria  for  either  broroofluorobenzene  (BFB)  or 
decaf! uorotrl phenyl  phosphine  (DFTPP)  listed  In  Table  4.  Quantitation 
will  be  performed  from  3-polnt  curve  standard  calibrations  from  standards 
spiked  onto  blank  Tenax  or  charcoal  traps  and  analyzed  by  the  same 
technique  as  samples.  The  mass  spectrometer  will  be  set  to  scan  from  20 
amu  to  450  amu  at  0.75  second  per  scan. 

3.3.1  Acrolein 

3.3. 1.1  1%  NaHSOg  Impinger  Solutions 

Acrolein  samples  will  be  collected  following  NIOSH  Method  No. 
PSCAM  211  using  two  midget  impingers  containing  approximately  15  ul  of 
solution  which  is  cooled  to  4*3  (this  is  the  same  solution  used  for 
formaldehyde).  The  solution  will-  be  11  NaHSOg.  This  methodology  will 
be  validated  and  detections  limits  established  as  described  in  Section  6 
of  this  plan.  Analysis  will  be  performed  on  site  to  assure  no  loss  by 
remaining  in  the  solution  too  long. 

3. 3. 1.2  Sorption  Studies 

Because  of  the  zero  recov>ry  of  acrolein  from  both  method 
studies  in  the  July  16,  1982  PATRIOT  Report,  it  has  been  decided  to  study 
the  use  of  Porapak  N  or  R,  or  Tenax/Ambesorb  sorbent  traps  for  acrolein 
analysis.  A  spike  recovery  study  will  be  done  in  the  laboratory  under 
conditions  which  emulate  the  expected  conditions  in  the  CRG.  Analysis 
will  be  performed  by  GC/MS  using  a  6  foot  Chromosorb  101  GC  column  under 
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TABU  4 

SC/MS  PERFORMANCE  STANDARD  REQUIREMENTS 
Broenfluorobenzene  (BFB)  20  ng 

Method  624 

n/e  Ion  Abundance  Criteria 

50 

15-401  of  aass  95 

75 

30-601  of  aass  95 

95 

base  peak,  100%  relative 

abundance 

96 

5-9%  relative  abundance 

173 

less  than  1%  of  nass  95 

174 

greater  than  50%  of  nass 

95 

175 

5-9%  of  aass  1 74 

176 

greater  than  50%  of  nass 

95 

177 

5-9%  of  aass  1 76 

OECAFUJOROTRIPHEMYL  PHOSPHINE  (DFTPP)  50  ng 

Method  625 

a/e 

Ion  Abundance  Criteria 

51 

30-60%  of  nass  198 

68 

less  than  2%  of  mass  69 

70 

less  than  2%  of  mass  69 

127 

40-60%  of  mass  198 

197 

less  than  1%  of  mass  198 

198 

base  peak,  100%  relative 

abundance 

199 

5-9%  of  mass  198 

275 

10-30%  of  mass  198 

365 

1%  of  mass  198 

441 

less  than  mass  198 

442 

greater  than  40%  of  mass 

198 

443 

17-23%  of  mass  442 
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Instrumental  conditions  to  be  determined  In  the  spiking  studies  defined 
above.  The  surrogate  spikes  to  be  used  on  the  final  tubes  will  be 
acrylonitrile  03. 

3.3.2  Aromatics 

Aromatics  will  be  sorbed  on  Tenax  traps,  "Porapak*  traps,  and 
charcoal  traps.  The  Tenax  and  "Porapak"  traps  will  be  prepared  by  Versar 
and  blanks  will  be  supplied  to  participating  laboratories  to  validate 
background  (12  hr  at  250 *C  with  5  ml /min  99.9991  He).  The  charcoal  tubes 
will  be  on  MIOSH  standard  commercial  tubes  supplied  by  SKC  Inc. 
following  collection  at  reduced  temperatures  they  will  be  preserved  at 
4*C  In  Individually  sealed  test  tubes  prior  to  analsysl. 

Analysis  of  the  Tenax  and  "Porapak"_traps  will  be  by  flash 
heating  each  tube  (17Q*C  for  5  min  for  Tenax).  The  effluent  of  each  trap 
Is  Injected  onto  the  head  of  a  6  foot  x  2  im  ID  glass  Chroraosorb  101  GC 
column  with  a  carrier  flow  rate  of  Helium  at  30  ml /min.  These  conditions 
as  based  on  Tenax  trap  experience  and  similar  conditions  will  be 
developed  for  the  "Porapak"  traps.  Retention  times  and  other 
Instrumental  specific  information  Is  defined  In  the  July  16,  1982  PATRIOT 
Report.  The  surrogate  spike  to  be  used  for  aromatics  Is  chlorobenzene  D4. 

Analysis  of  charcoal  tubes  will  be  by  GC/FID  (with  GC/MS  for 
all  confirmation)  analysis  using  a  20  foot  1/8"  stainless  steel  column 
packed  with  105  SP-1Q0Q  on  80/100  mesh  Suplecoport.  The  oven  will  be 
prepared  to  hold  100*C  for  two  minutes  following  injection  and  Is 
programmed  to  270*0  at  8*0  per  minute.  The  elevated  final  temperatures 
is  used  to  chromatograoh  the  phthalate  esters  targeted  for  analysis.  The 
GC/MS  confirmation  will  be  performed  by  Injection  onto  a  60  meter  SE  54 
fused  silica  capillary  column.  The  sample  is  injected  onto  the  head  of 
the  column  at  45*C  and  then  programed  to  275*C  at  10*C/min.  The 
condition  for  analysis  are  presented  in  the  July  16,  1982  PATRIOT  Report. 
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3.3.3  General  Organics 

General  organics  rill  be  determined  slnultaneously  with  the 
aroMtlcs  as  this  class  of  organics  Is  trapped  and  desorbed  froa  Tenax, 
"Porapak"  and  charcoal.  The  surrogate  compounds  to  be  used  for  general 
organic  spiking  are  Naphthalene  08,  Chyrsene  012. 

3.3.4  Formaldehyde 

Fomaldehyde  will  be  collected  following  NIOSH  Method  No.  P4CAM 
12S.  A  total  of  60  liters  of  air  will  be  drawn  through  two  aldget 
laplngers  containing  approximately  15  el  of  IS  NaHSOj  solution,  cooled 
to  4*C.  This  solution  Is  also  used  for  acrolein.  The  standard 
colorlaetrlc  procedure  will  be  followed. 

3.3.5  Cyanide 

Cyanide  as  hydrogen  cyanide  will  be  collected  following  NIOSH 
Method  No.  P4CAM  116  using  aldget  laplngers  containing  10-15  al  of  0.1  M 
sodium  hydroxide  (NaOH).  Air  will  be  drawn  through  the  loplnger  at  a 
rate  of  1  liter  per  alnute  for  60  ainutes.  The  control  and  samples  will 
be  stored  in  a  refrigerator  overnight  at  4*C  and  allowed  to  equilibrate 
to  room  temperature  prior  to  analysis.  The  Orion  meter  will  be 
calibrated  to  standard  reference  material  using  a  cyanide  specific 
electrode. 

3.3.6  Amines  In  Air 

Primary  and  secondary  amines  In  air  can  be  determined  with  APHA 
Method  124.  Tentative  method  of  Analysis  for  Primary  and  Secondary 
Amines  in  the  Atmosphere  (Nlnhydrln  Method).  Amines  In  the  atmosphere 
are  collected  in  an  impinger  solution  of  acidified  isopropanol.  The 
aosorbing  solution  Is  reacted  with  nlnhydrln  (1 ,2,3,-Trllcetohydrlndene) . 
Primary  and  secondary  amines  produce  a  purple  complex  whose  absorbance  is 
read  at  575  nra  and  compared  to  a  calibration  curve  prepared  from 
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n-butylaalne  standards.  The  concentration  of  amine  In  the  original  air 
sample  Is  expressed  as  mg/m  n-butyl  aalne  vapor  when  the  urine  Identity 
Is  unknown.  When  using  10  al  of  absorbing  solution,  a  30  liter  air 
saaple  will  provide  a  Halt  of  detection  equivalent  to  1.3  ag/ta^  of 
butylaalne  vapor.  The  aalne  hydrochloride  loplnger  solution  Is  stable 
over  a  period  of  three  weeks  after  collection.  Sooe  aalnoaclds  are 
reported  to  Interfere.  Tertiary  aalnes  do  not  react  with  nlnhydrln. 

Primary  Aalne  R-HH?  i.e. ,  oe thy 1 aalne  CH3NH2 

Secondary  Aalne  Rj-NH  I.e.,  dimethyl aalne  (013)2*01 

Tertiary  Aalne  R3-N  I.e.,  trlaethyl aalne  (013)3* 

3.3.7  Carbon  Monoxide  -  Carbon  01 oxide 

The  carbon  monoxide  (CO)  concentration  In  the  CRG  will  be 
continuously  monitored  during  sampling  In  situ,  requiring  no  laboratory 
analysis.  A  Daslbi  Model  3003  CO  Portable  Analyzer  will  be  used  to 
record  CO  concentrations  In  the  CRG  shelter  during  testing  activities. 
This  Instrument  employs  the  gas  filter  correlation  technique  (EPA 
Reference  Designation  No.  RFCA-0381 -051 )  to  detect  CO  in  the  range  of  0 
to  50  ppm.  The  TLY  Is  50  ppm  for  CO,  however,  since  the  CO  analyzer 
provides  an  Instantaneous  measurement  levels  of  CO  should  not  exceed  the 
capability  of  the  analyzer.  The  analog  output  of  the  analyzer  will  be 
recorded  continuously  on  a  strip  chart  recorder  providing  a  permanent 
record. 

The  concentration  of  COj  will  be  evaluated  by  using  long  terra 
dosimeter  detection  tubes  (color  detector  tubes)  over  the  4-hour  sampling 
period.  These  tubes  are  direct-reading  method  and  will  provide  a  result 
after  4-hours.  This  method  will  not  quantify  the  C02  concentration 
with  a  high  degree  of  accuracy,  however,  it  will  indicate  whether  the 
C02  concentration  reaches  a  potentially  hazardous  level  and  is  a  NIOSH 
approved  method  to  determine  exposure  levels. 
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Analysis  tty  Targat  Pa  rant  tars  -  Skinner  A  Shaman 

Raytheon/Skinner  A  Shaman  should  list  which 
paraMtars  thay  plan  to  analysa  and  aathods 
details  similar  to  Section  3  above  for 
Inclusion  In  final  plan. 
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3.5  Analysis  by  Target  Parameters  -  U.S.  AEHA 

U.S.  AEHA  should  list  parameters  they  plan  to 
analyst  and  aethod  details  slallar  to  Section 
3  above  for  Inclusion  In  final  report.  The 
current  work  load  of  U.S.  AEHA  precludes 
major  effort  at  this  tine  only  staples  that 
show  positive  results  are  to  be  confined  by 
U.S.  AEHA. 
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3.6  Validation  of  NIOSH  Method  PICAM  211  -  Acrolein  In  Air 

To  determine  the  coocantratlon  of  acroltln  In  an  atmosphere  the 
standard  NIOSH  Method  P4CAM  211  Is  used.  Air  Is  drawn  through  two  eldget 
iaplngers  containing  IS  sodlua  bisulfite  (NaHSOj)  which  will  trap  the 
acrolein.  Acrolein  Is  determined  col orl metrically  after  reaction  with 
4-hexyl  resorcinol  In  an  alcoholic  trichloroacetic  acid  solvent  aedlun  In 
the  presence  of  mercury  chloride.  The  absorbance  of  the  blue  colored 
product,  having  a  strong  absorption  aaxloua  at  605  na.  Is  read  In  a 
spectrophotometer.  The  performance  of  the  NIOSH  aethod  with  respect  to 
detection  Halt  and  efficiency  of  sorption  of  acrolein  will  be 
Investigated. 

NIOSH  reports  that  0.01  ppm  of  acrolein  can  be  determined  In  a  50 
liter  air  sample.  To  establish  the  lowest  concentration  of  acrolein 
which  may  be  distinguished  from  zero,  a  series  of  measurements  of  a 
standard  acrolein  solution,  the  concentration  of  whlcn  Is  distinctly 
above,  but  close  to  the  blank  abosrbance,  must  be  run.  The  detection 
Holt  will  be  defined  as  the  concentration  of  acrolein  which  would  yield 
an  absorbance  equal  to  twice  the  standard  deviation  of  the  measurements 
of  the  dilute  acrolein  standard  solution.  Absorbances  from  seven 
replicates  of  a  1  to  2  aicrograa  standard  acrolein  solution  Is  sufficient 
to  calculate  the  detection  limit. 

Efficiency  of  collection  of  acrolein  is  reported  to  be  approximately 
95%  when  two  impingers  are  used  in  series.  The  NIOSH  procedure  suggests 
an  air  sampling  rate  of  2  liters/raln  for  a  duration  of  one  hours.  To 
determine  if  acrolein  Is  stripped  from  the  1%  MaHSO^  Impingcr 
solutions,  10  replicate  solutions  will  be  spiked  with  acrolein  at  2.5x 
and  5x  and  lOx  the  detection  limit.  Five  solutions  at  each  spike  level 
will  be  sparged  with  air  for  60  minutes  at  a  rate  of  2  llters/min.  The 
remaining  five  solutions  at  each  spike  level  will  not  be  sparged  and  will 
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sarvm  u  controls.  Colorimetric  analysis  of  each  Impinger  solution  will 
show  If  losses  occured  during  sampling.  A  similar,  but  smaller,  scheme 
will  be  performed  to  duplicate  Versar's  sampling  technique  where  air  Is 
sampled  at  a  rate  of  1  li ter/ml n  for  a  duration  of  60  minutes  through  two 
midget  Inplngers. 

By  statistically  determining  the  method  detection  limit  and 
examining  the  stripping  potential  associated  with  the  collection  method. 
Statements  concerning  the  validity  of  MIOSH  Method  P4CAM  211  -  Acrolein 
In  Air  can  be  made. 


3.7  Schedule  and  Milestone  Oates 


Element 

Plan 

Development 


Actl on 


Friday,  July  30,  1982,  COB  -  Send  Qraft  of  Plan 


Monday j  Aug.  2,  1982,  A.M. 


Wednesday,  Aug.  4,  1982,  COB 


Friday,  Aug.  6,  1982,  C08 


-Plan  Received  by  All 
Reviews 

-  Verbal  Summary  of 
Comments  to  Versar 
(Ronan  or  Richards) 

-  Written  Summary  of 
Comments  to  Versar 
cc  to  MERAOCOM 


Order  Mew 
Materials 


Methods  Test 


Begin  CRG 
Testi ng 


TASK  2 

Wednesday,  July  28,  1982 


Monday;  Aug.  2,  1982 


Other  Methods  as 
Requi red 

Tuesday,  Aug.  24,  1982 


Review  all  Required 
Material  and  Order 
as  Required 

Begin  MIOSH  211 
Val idation 
Review  and  Prepare 


Implement  Approved 
Plan  -  Oo  Field 
Analysi s 
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Ship  Saaplos 


Thursday,  Aug.  26,  1982  -  Ship  Saoples  to 

Laboratories 


Begin  Analysis 

Coaplete  Draft 
Report 

Consents 


Monday,  Aug.  30,  1982  -  Begin  Laboratory 

Analysl s 

Friday,  Sept.  17,  1982  -  Draft  Report  fro* 

all  Labs  to  VSE 


Wednesday,  Sept.  22,  1982,  -  To  Vers ar 

COS 


Final  Report 


Friday,  Sept.  24,  1982, 
C06 


-  Versar  Coaplles  and 
01 strl Lutes 


Review 


Wednesday,  Sept.  29,  1982,  -  Review  Meeting  VSE 

8:30  A.M. 
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2.0  TASK  1  -  KCOMCMUTIONS  1  I  2  (Saury) 

The  Investigative  Tea*  Inspected  two  heater/air  conditioner  units 
and  noted  design  and  Manufacturing  problems.  The  teaM  also  Identified 
materials  In  the  units  which  could  conceivably  release  Irritants  or  toxic 
materials  when  heated.  One  of  the  units  Inspected  was  missing  a  piece  of 
reflective  aluminum  Intended  to  protect  the  Insulating  foam  from  high 
heat.  The  Investigative  team  concurred  that  this  was  a  serious  omission 
and  that  quality  control  procedures  should  be  tightened  so  this  can  be 
prevented  In  the  future. 

The  temperatures  attained  In  various  areas  of  the  heater  box  were 
Measured  under  a  variety  of  conditions.  The  maximum  temperature  measured 
on  any  surface  In  the  unit  was  246*F. 

A  number  of  materials  used  In  the  units  was  heated  and  tested  for 
the  presence  of  outgasslng  products.  At  normal  operating  temperatures, 
only  two  materials  released  any  compounds  of  concern.  The  adhesive 
released  toluene,  and  the  Insulating  foam  released  carbonyl  sulfide, 
carbon  disulfide  and  benzene.  The  quantities  of  products  released  will 
probably  not  be  hazardous  at  normal  operating  temperatures. 

Twc  materials  (tubing  and  fom)  were  tested  for  outgasslng  products 
at  temperatures  significantly  higher  than  the  worst  case  temperature 
agreed  to  by  the  Investigative  Team  ( 1 .e. ,  340*F  rather  than  280*F). 
These  tests  were  untaken  to  simulate  possible  outgasslng  effects  If  major 
overheating  occurred,  as  was  apparent  In  the  first  units  tested  at  Fort 
Bliss,  Texas  (see  Section  2.3.4).  The  quantities  of  compound  released 
from  the  foam  at  34Q*F  could  pose  a  hazard  to  personnel  In  the  CRG. 

2.1  Results  of  Investigative  Team 

The  members  of  the  Investigative  Team  (Table  2-1)  met  at  VSE 
Corp.  on  August  9,  1982  to  Inspect  one  of  the  PATRIOT  Heater/Air 
Conditioners.  Two  units  were  non-destructively  disassembled,  and  the 


s'.i 


2-1 

K-! 


TABLE  2-1 


INVESTIGATIVE  TEAM  FOR  IRRITANT  TESTING 
OF  PATRIOT  &ATER/AIR  CONDITIONERS 

MEETING  OF  AUGUST  9,  1982 


NAME 

ORGANIZATION 

F.  Good 

MERAOCOM 

R.  Ronan 

VERSAR 

C.  Carter 

VERSAR 

D.  Topping,  Jr. 

VERSAR 

S.  Powers 

VERSAR 

A.  Granese 

RAYTHEON 

H.  Dalzell 

SKINNER  1  SHERMAN 

G.  Esposito 

AEHA 

Maj.  C.  Moore 

AEHA 

G.  Sans 

VSE 

R.  Adolph 

VSE 

B.  Caldwell 

VSE 

Vfcrsar. 


Investigative  Team  looked  for  design  and  manufacturing  flaws.  The  team 
noted  the  materials  inside  the  units  which  could  conceivably  release 
irritants  or  toxic  compounds  when  heated. 


2.1.1 


rsical  Review 


A  preliminary  inspection  of  a  Heater/Air  Conditioner  unit  (SN 
81015)  by  8ob  Sherfy  (YSE)  and  Charles  Carter  (Yersar)  on  August  4,  1982 
identified  a  nunber  of  organic  based  materials.  A  list  of  these 
materials  was  presented  to  the  Investigative  Team  as  an  aid  in  the 
inspection.  This  list  is  presented  in  Table  2-2.  After  the  inspection 
on  August  9,  1982,  the  Investigative  Team  decided  to  narrow  the  materials 
tests  to  include  only  five  materials  which,  due  to  the  amounts  used  in 
the  units  and  the  proximity  of  the  materials  to  the  heating  rods,  seemed 
to  warrant  special  concern.  These  five  materials  were: 


1.  Black  insulating  foam 

2.  Thermal  bulb  insulation  tape 

3.  Adhesive  for  foam 

4.  Sealer  for  condensate  trap 

5.  Tubing  for  condensate  drain. 

In  the  process  of  the  inspection  of  the  two  Heater/Air 
Conditioner  units  the  Investigative  Team  noted  that  a  piece  of  reflective 
aluminum  shielding  was  missing  from  unit  SN  801160.  This  left  the  black 
Insulating  foam  on  the  side  of  the  heating  rods  uncovered.  Since  the 
aluminum  is  Intended  to  protect  the  Insulation  from  directly  heating  by 
the  heating  rods,  this  manufacturing  flaw  could  result  in  the  foam 
reaching  unusually  high  temperatures. 

A  number  of  thermocouples  were  placed  in  unit  SN  801160  to 
measure  the  temperatures  attained  at  various  locations  in  the  unit  under 
normal  operating  conditions.  The  first  test  was  performed  on  August  9, 
1982.  Unfortunately  the  electrical  connections  were  not  made  correctly 
so  the  heaters  were  not  heating  under  full  power,  and  the  experiment  was 
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TABLE  2-2 

LIST  OF  PARTS  AMD  COMPONENTS 


Tubing,  pn.  59 

dn.  1 321 8EQ001 -290 

Type  IY,  clear,  class  6,  general  use,  MIL  ZZ-T-831 
Appears  to  be  Tygon  3603 

Terminal  Quick  Disconnect,  pn.  11 
dn.  1 3207— £534-7-1 

Mfg.  pn.  RA2S7,  Thomas  and  Betts  Corp. ,  Raltan,  N.J.  08869 
Insulation  Sleeve  Is  PVC 

Heater-Grommet,  pn.  60 
dn.  1 321 9E2889 

TFE  MIL  L-P-403,  Type  and  class  optional 

Top  Cover,  pn.  17 
dn.  1321 9E9481 

Adhesive  for  insulation  and  gaskets  meets  MIL  P-15280* 
Adhesive  sealant  (silver  polymer  on  comers)  Is  Silicone  RTV 
type  I,  MIL  A-46106 

Insulation,  EMI  gasketing  and  non-EMI  gasketing,  see  below 

Insulation,  pn. 
dn. 

Form  S,  Plastic  Material  Unicellular  sheet  1/2  or  1/4  Inch. 
Exposed  surface  must  have  skin.  Inside  surface  may  have  skin 
Material  meets  MIL  P-15280 
Rubatex  Corp.  R-1800-FS 

Electromagnetic  Interference  (EMI)  gasketing  pn.  4,10,11,12 
dn.  1321 9E9568-1 

Silicone  Sponge  elastomer,  no  adhesive  on  back 
Metex  Corp,,  Edison,  N.J.  08817 

Non  EMI  gasketing  pn.  5, 6, 3, 9 
dn.  1 321 9E9528 

PYC  resin  foam,  high  tack  synthetic  adhesive  on  one  side, 
Norton  Co.,  Tape  Division  and  Sealant  Operation,  Gra-inville, 
N.Y.  12832 

Specifications  state  that  it  is  stable  to  180*F 
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Table  2-2  (Continued) 


Heating  Elements,  pn.  57 
dn.  13219E9554-1 

Crimp  type  terminals  meet  MIL-T-7928 

Specifications  state  that  leads  should  be  manganese  nlcicel  with 
asbestos  Insulation.  Insulation  on  unit  SN  81015  appeared  to 
be  plastic  material 

Electrical  leads  sealed  with  Silicon  Seal,  SE  Dry  Film  88  air 
drying  varnish 

Chrooalox  rods  manufactured  by  Wlegand,  E.L.,  Dlv  of  Emerson 
Electronics,  Pittsburgh,  PA  15208,  (Rm  1041,  4  Allegheny 
Center  412-323-3900) 

Specifications  call  for  glass  sleeving  Insulation 

Motor,  pn.  47 

dn.  1 3221 E9096 

Bearings  lubricated  from  -60  to  +160*F 
Finish  Is  MIL  Std  186,  finish  #50.3 
Class  H  Insulation  defined  per  NEMA  std.  MG-1 
Varnish  on  motor  windings  MIL  Y-173  containing  copper 
8-qulnolate 

IMC  Magnetics  Corp.,  Eastern  Dlv.,  Westbury,  Long  Island,  M.Y. 
11591  516-334-7070,  mfg  pn.  PM-BT-5315 

Air  Temperature  Sensor  Probe 
dn. 

Lead  wire  fiberglass  insulated,  lead  wire  guard  Is  teflon 
Fenwal  Inc.,  Water  Kldde  and  Co.  Ashland,  MA  01721 
617-881-2000,  mfg  pn.  28-250706-304 

Male  disconnect  splice 
dn. 

Vinyl  sleeye,  Thomas  and  Betts,  Elizabeth,  N.J. 
mfg  pn.  R8-1 4-250 

Housing,  Evaporator  Section 
dn. 

Sealer,  pn.  62,  dn  13211E3465 
Adhesive,  pn.  61,  meets  MIL  P-15280* 

Adhesive,  pn.  60,  Silicone  RTY,  meets  MIL-A-46106 
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TABLE  2-2  (Continued) 


Thermal  Bulb  Insulation,  pn. 
dn.  13219E9543 

Insulation  tape  (gunny  black  material)  Synthetic  rubber-refined 
asphalt  filled  with  virgin  cork  and  Inert  fillers.  Temp  range 
from  -20  to  +158*F  continuous,  ♦2QG*F  for  one  hour 
Iraaont  Corp.,  1218  Central  Industrial,  St.  Louis,  MO.  63166 

Over  Temperature  Switch  pn.  55 
dn.  1321 6E6224 

Plastic  housing,  Thenn-O-DIsc  Inc.,  1320  S.  Main  St.,  Mansfield, 
OH  44907,  mfg  pn.  HLAS4947 

Motes:  pn.  Is  part  number  from  drawings  of  unit 

dn.  Is  the  drawing  number  of  the  particular  part 

The  manufacturers  listed  above  are  only  the  suggested  sources, 

not  necessarily  the  actual  manufacturer  for  these  units. 

*  This  Is  apparently  a  typographical  error  In  the  drawings  for 
the  Heater/Air  Conditioners.  MIL  P-15280  describes  plastic 
materials,  not  adhesives.  The  adhesive  used  Is  Scotch  Green 
Adhesive,  4518,  according  to  George  Sisk  and  David  Groves  of 
Keco  Industries. 
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aborted.  The  experfnent  ms  successfully  conducted  on  August  11,  1982  by 
C.  Carter  and  D.  Topping,  Jr.  (Versar),  R.  Sherfy  and  R.  Adolf  (YSE). 
This  experfnent  Is  described  below. 

2.1.2  Thermal  Experiments 
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On  August  11,  1982  experiments  were  perforned  to  detenalne  the 
typical  operating  temperatures  attained  In  various  locations  Inside  the 
PATRIOT  Heater/Air  Conditioners.  Seventeen  thermocouples  were  placed  In 
one  unit,  and  extensive  measurements  were  taken  under  a  variety  of 
conditions.  Following  this  experiment  four  thermocouples  were  placed  In 
a  second  unit,  and  this  unit  was  tested  under  two  operating  conditions. 

First  Unit 

The  serial  number  of  this  unit  was  SM  801185.  The  shipping 
date  was  November  1981.  For  the  purposes  of  this  discussion  the  front  of 
the  unit  Is  that  side  which  faces  the  front  of  the  CRG  truck  when  It  Is 
Installed.  The  front  bulkhead  has  a  shield  of  reflective  aluminum  which 
faces  the  heating  elements.  If  one  Is  standing  at  the  back  of  the  unit 
the  heating  elements  are  situated  on  the  back,  toward  the  right  side  of 
the  unit.  On  unit  $N  801185  the  fresh  air  Intake  was  on  the  left  side 
and  the  over-temperature  switch  was  on  the  right  side  (closest  to  the 
heating  elements).  The  locations  of  the  seventeen  thermocouples  In  unit 
SN  801185  are  described  below.  The  thermocouples  were  fastened  to  the 
unit  with  epoxy  except  where  noted.  This  resulted  in  the  measurement  of 
an  actual  surface  temperature  as  opposed  to  an  air  measurement  very  near 
the  surface. 


Placement  of  Thermocouples 

■  1 .  Anilsl eiifuTf'.  Placed  six  Inches  above  the  unit.  No  epoxy. 

2.  Intake  air.  Bank  of  four  sensors  placed  across  both  Intake 
ducts;  three  thermocouples  In  each.  No  epoxy. 
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3.  Exit  air.  Bank  of  six  sensors  placed  across  both  discharge 
ducts;  three  thermocouples  In  each.  No  epoxy. 

/-  4.  Thermal  bulb  tape  (Insulation  tape).  Imbedded  In  the 
thermal  bulb  tape,  a  few  Inches  to  the  left  side  of  the 
heater.  No  epoxy. 

■y  ?  *•'  / 

5,6,7  1  8.  Front  bulkhead.  Four  thermocouples  placed  left  to 
right  across  the  front  bulkhead,  attached  to  the  reflective 
aluminum,  six  to  nine  Inches  off  the  bottom  of  the  unit,  so 
they  were  toward  the  top  of  the  heating  elements.  This 
location  Is  farther  away  from  the  heater  elements  than  the 
bottom  of  the  front  bulkhead. 

,9.  Front  bulkhead.  Attached  to  front  bulkhead,  approximately 
two  Inches  from  the  bottom  of  the  unit,  directly  In  front 
of  the  center  of  the  heating  elements. 

'  10.  Attached  to  the  motor  at  the  closest  point  to  the 

heating  elements. 

'11.  Right  wall  front.  Attached  on  the  right  side  wall  on  the 
reflective  aluminum,  six  to  nine  inches  from  the  bottom  of 
the  unit,  near  the  front  comer. 

1 2.  Right  wall.  Attached  on  the  right  side  wall  on  the 
reflective  alimrinum,  directly  to  the  right  of  the  heating 
elements.  Approximately  two  Inches  from  the  bottom  of  the 
unit. 

'13.  Right  wall  front.  Attached  to  the  right  side  wall  near  the 
front  comer.  Approximately  two  Inches  from  the  bottom  of 
the  unit. 

ti '  14.  Front  wall.  On  the  front  wall  near  the  right  corner  on  the 
cut  out  for  the  Riv  nut.  The  cut  out  on  this  unit  was 
extremely  small,  so  the  epoxy  holding  the  thermocouple  In 
place  completely  covered  the  Insulation.  In  other  units  a 
substantial  area  of  black  Insulation  Is  exposed. 

Approximately  two  Inches  from  the  bottom  of  the  unit. 

~~15.  Heating  element.  Attached  to  heating  element  which  glowed 
the  least  during  heating  (all  elements  glowed  visibly). 
Thermocouple  was  not  attached  with  epoxy.  Actual 

measurement  Is  an  air  measurement  very  close  to  the 
surface.  This  Is  true  for  points  16  and  17  also. 

v  *  :-16.  Heating  element.  Attached  to  heating  element  which  glowed 
typically  during  heating.  See  point  15. 
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j2 Heating  element.  Attached  to  a  heating  element  which 
glowed  the  aost  during  heating.  See  point  15. 

Three  different  heating  configurations  were  tested.  The  first 
was  the  high  heat  aode  with  all  controls  bypassed.  In  this  configuration 
all  15  heater  elements  In  the  unit  were  running  at  full  power  at  all 
tines.  The  second  configuration  was  the  normal  high  heat  aode  with  the 
thermostat  and  the  over-temperature  switch  operational.  The  thermostat 
was  turned  to  the  highest  setting  during  this  test.  Neither  the 
thermostat  nor  the  over-temperatur*  switch  had  any  effect  during  this 
test,  so  the  test  was  essentially  Identical  to  the  first.  In  the  third 
configuration  the  right  side  exit  air  duct  was  blocked.  Within  two 
minutes  of  the  time  when  the  exit  air  was  blocked  the  over-temperature 
switch  turned  off  a  number  of  the  heating  elements  (either  6  or  9).  The 
heating  elements  which  were  turned  off  cooled  down  rapidly,  while  the 
remaining  heating  elements  glowed  brighter  and  apparently  Increased  their 
temperature.  The  temperature  at  each  of  the  17  thermocouple  locations 
was  recorded  for  each  test  for  about  30  minutes.  The  data  are  presented 
In  Tables  2-3  and  2-4. 

Second  Unit 

The  serial  number  of  the  second  unit  was  SN  801198,  and  the 
shipping  date  was  January  1982.  This  unit  was  selected  because  It  has  a 
larger  cut  out  around  the  Rlv  nut  than  the  unit  used  for  the  first  test. 
In  unit  SN  801198  (used  for  the  second  test)  approximately  1/2  Inches  of 
black  Insulating  foam  was  exposed  around  the  cut  out.  This  unit,  like 
the  unit  used  for  the  first  test,  had  the  fresh  air  Intake  on  the  left 
side,  and  the  fresh  air  Intake  was  open  during  the  test.  Four 
configurations  were  tested  on  this  unit: 


1.  Normal  high  heat  mode. 

2.  Normal  high  heat  mode  with  50^  of  the  intake  blocked  with 
paper  strips.  The  strips  were  placed  vertically  on  the 
Intake  to  evenly  block  the  Intake  air  across  the  unit. 
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TABLE  2-3 

THERMOCOUPLE  TEMPERATURE  vs.  TOC 
HIGH  HEAT  WOE,  ALL  CONTROLS  BYPASSED,  IN  DEGREES  FAHRENHEIT 

CONFIGURATION  I 


UNIT  SN  801185 


Start:  1032  hours,  202  volts,  8650  watts  throughout  experiment 


Time: 

1040  Hr 

1049  Hr 

1103  Hr* 

1117  1 

Location: 

1. 

77 

78 

76 

79 

2. 

74 

74 

75 

76 

3. 

no 

111 

112 

113 

4. 

107 

117 

122 

122 

5. 

155 

157 

156 

157 

6. 

180 

182 

179 

180 

7. 

194 

197 

193 

194 

8. 

190 

192 

188 

188 

9. 

215 

217 

214 

216 

10. 

97 

91 

94 

96 

11. 

176 

177 

173 

172 

12. 

158 

160 

157 

156 

13. 

195 

197 

191 

189 

14. 

186 

189 

188 

187 

15. 

744 

744 

739 

738 

16. 

761 

760 

735 

740 

17. 

350 

850 

824 

817 

*  Tightened  top 
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TABLE  2-4 

THERMOCOUPLE  TEMPERATURE  vs.  TIME 

HIGH  HEAT  MOOE,  WITH  NORMAL  CONTROLS,  IN  DEGREES  FAHRENHEIT 
CONFIGURATIONS  2  4  3 


UNIT  SN  801185 

Start,  1200  hours,  202  volts,  8650  watts 


Time: 

1210  Hr 

1220  Hr 

1230  Hr 

1240  Hr 

1258  Hr* 

1310  Hr 

' 

1 

■ 

Location: 

t: — 

78 

79 

78 

77 

77 

75 

2. 

74 

74 

74 

74 

75 

74 

3. 

111 

112 

112 

112 

109 

108 

4. 

109 

117 

120 

121 

113 

111 

5. 

153 

154 

155 

155 

134 

133 

6. 

176 

177 

178 

178 

152 

152 

7. 

189 

190 

191 

191 

162 

162 

8. 

184 

185 

186 

185 

155 

155 

9. 

210 

211 

212 

211 

173 

174 

10. 

96 

99 

99 

100 

98 

97 

11. 

171 

172 

172 

172 

145 

146 

12. 

155 

157 

157 

156 

136 

136 

13. 

189 

190 

191 

191 

155 

155 

14. 

185 

188 

190 

190 

156 

156 

15. 

735 

738 

738 

737 

851 

855 

16. 

738 

741 

740 

743 

185 

186 

17. 

833 

831 

829 

825 

163 

164 

*  Air  flow  blocked  In  right  duct  at  1245  hours.  Over- temperature  switch 
kicked  out  at  1246  hours.  Wattage  dropped  to  5700  and  remained  there  for 
the  rest  of  the  experiment. 


Vmar. 


3.  Normal  high  heat  node  with  the  bottom  half  of  the  air  intake 
blocked. 

4.  Normal  high  heat  node  with  the  top  half  of  the  intake 

bl ocked. 

The  over-tenperature  switch  did  not  turn  off  In  any  of  these 

configurations.  1  R.  Sherfy  (VSE)  stated  that  blocking  the  Intake  would 
*,  reduce  the  flow  through  the  unit  significantly. 

The  placement  of  the  thermocouples  was  as  follows.  Four 

thermocouples  were  used  In  this  test. 

1.  Front  bulkhead.  Approximately  two  Inches  from  bottom.  In 
front  of  the  center  of  the  heating  elements. 

9.  Right  side  wall  on  reflective  aluminum.  Approximately  two 
Inches  from  bottom,  near  front  comer  right  next  to  the  cut 
out  for  the  Rlv  nut. 

16.  Front  bulkhead  in  cut  out  for  Rlv  nut.  Thermocouple  was 
Imbedded  In  the  black  Insulating  foam. 

18.  Front  bulkhead.  Approximately  two  Inches  from  bottom, 
toward  left  side  of  heating  elements. 

Thermocouples  1,  9,  and  18  were  attached  with  duct  tape.  Thermocouple  16 
was  Imbedded  In  the  black  Insulating  foam.  The  results  of  the  experiment 
are  presented  In  Table  2-5. 

Summary 

These  experiments  were  Intended  to  determine  the  likely  maximum 
temperatures  at  various  locations  In  the  PATRIOT  Heater/Air 
Conditioners.  This  Information  was  used  to  choose  maximum  temperatures 
for  conducting  outgasslng  experiments.  The  Investigative  Team  suggested 
that  the  highest  temperature  used  In  the  outgasslng  experiments  should  be 
1 5i  higher  than  the  maximum  observed  In  the  thermal  experiments. 

The  maximum  temperature  reached  by  the  thermal  bulb  Insulation 
was  122*F.  The  specifications  for  the  material  Indicate  that  it  should 
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TABLE  2-5 

THERMOCOUPLE  TEMPERATURE  vs.  TIME 
HIGH  HEAT  MOOE,  IN  DEGREES  FAHRENHEIT 


UNIT  SN  801198 

Start,  1420  hours,  202  volts,  8650  watts. 


Tine: 

1423  Hr 

1433 

1441  Hr 

1446  Hr* 

1452  Hr 

1458  Hr** 

Location: 

1. 

215 

217 

225 

247 

246 

241 

9. 

194 

209 

211 

206 

206 

213 

16. 

193 

211 

209 

205 

205 

213 

18. 

175 

183 

185 

193 

194 

190 

Time: 

1503  Hr 

1508  Hr*** 

•• 

1514  Hr 

Location: 

1. 

244 

211 

210 

9. 

211 

214 

214 

16. 

211 

208 

208 

18. 

190 

194 

195 

*  Put  paper  strips  over  approximately  60?  of  intake  at  1442  hours.  One 
8  1/2"  x  11"  sheet  torn  in  five  strips.  Strips  laid  vertically  over 
intake,  evenly  spaced. 

**  At  1453  hours  the  paper  strips  were  moved  to  block  the  bottom  half  of 
the  intake. 

***  At  1504  hours  the  paper  strips  were  moved  to  block  the  top  half  of 
the  intake. 
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be  stable  Indefinitely  at  158*F  and  should  be  able  to  withstand 
temperatures  of  200*F  for  one  hour. 

The  motor  was  tested  on  unit  SN  801185.  The  maximum 
temperature  observed  was  100*F  at  the  surface  of  the  motor. 

The  surface  of  the  reflective  aluminum  was  tested  in  a  number 
of  locations  on  unit  SN  801185.  The  highest  temperatures  were  observed 
at  location  number  9  directly  In  front  of  the  center  of  the  heaters. 
This  temperature  was  217*F.  In  the  high  heat  mode  with  all  of  the 
heaters  running  the  coolest  point  on  the  reflective  aluminum  was  at  point 
number  5,  where  the  maximum  temperature  observed  was  157*F.  Most  of  the 
other  points  ranged  between  170*F  and  200*F. 

The  temperatures  of  the  reflective  aluminum  were  substantially 
higher  In  unit  SN  801198,  but  this  may  be  due  largely  to  the  placement  of 
the  thermocouples.  The  maximum  temperature  observed  was  247*F,  but  this 
depended  strongly  on  the  air  flow  characteristics  In  the  unit.  This 
particular  point  (#1)  was  as  low  as  21Q*F  when  the  air  flow  patterns  were 
changed  by  partially  blocking  the  return  air  Intake. 

The  only  direct  measurement  of  the  black  foam  was  done  on  unit 
SN  801198.  The  temperature  varied  from  193*F  to  213*F,  again  depending 
on  the  air  flow  characteristics. 

Based  on  the  observations  of  the  temperatures  on  the  reflective 
aluminum  and  the  black  foam,  the  maximum  temperature  used  for  the 
outgasslng  experiments  was  280*F.  Experiments  were  also  performed  at 
lower  temperatures. 

The  tubing  In  the  bottom  of  the  unit  toward  the  right  side  will 
be  exposed  to  temperatures  which  will  probably  be  similar  to  those 
measured  at  point  11  on  unit  SN  801185.  The  maximum  temperature  at  this 
point  was  177*F.  The  temperature  In  this  area  of  the  unit  depended 
strongly  on  the  air  flow,  sn  the  tubing  was  tested  at  the  same 
temperatures  as  the  foam. 
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The  adhesive  for  the  foaa  and  the  sealer  Mere  also  tested  at 
the  same  temperatures  as  the  foaa.  The  adhesive  holding  the  reflective 
al uni nun  to  the  foaa  will  probably  be  exposed  to  these  temperatures.  The 
portions  of  the  adhesive  holding  the  foam  to  the  body  of  the  unit  will  be 
exposed  to  temperatures  much  less  than  this,  probably  closer  to  the 
external  temperature  of  the  unit.  The  test  may  therefore  be  too  extreme. 

The  temperatures  In  the  other  areas  of  the  unit  will  probably 
have  a  maximum  temperature  close  to  the  temperature  of  the  exit  air. 
This  varies  between  about  110*F  and  140*F.  It  would  be  reasonable  to 
test  these  materials  at  160*F. 

The  sampling  team  noted  that  the  tygon  tubing  had  partially 
decomposed  In  unit  SM  81013,  due  to  excessive  heat  (see  Section  3.2.2). 
We  therefore  tested  some  of  the  materials  at  much  higher  temperatures 
(340*F). 

2.2  Material  Acquisition 

In  the  meeting  of  August  9,  1982  the  Investigative  Team  decided 
that  It  would  be  desirable  to  obtain  samples  of  the  materials  used  In  the 
air  conditioners  directly  from  the  manufacturer.  Versar  contacted  David 
Groves  of  Keco  Industries  In  order  to  do  this.  Keco  agreed  to  supply 
Yersar  with  the  materials  which  were  requested.  A  list  of  the  samples 
supplied  Is  presented  In  Table  2-6.  Five  of  these  materials  were  singled 
out  for  special  attention  by  the  Investigative  Team:  the  black  foan.  (1), 
the  thermal  bulb  Insulation  tape  (2),  the  rubber  adhesive  which  is  used 
to  attach  the  reflective  aluminum  to  the  foam  (4),  the  sealer  (5),  and 
the  tubing  (10).  A  subsample  of  each  of  these  materials  was  sent  from 
Versar  to  Skinner  and  Sherman.  Each  lab  was  to  perform  outgassing 
experiments  on  the  materials. 

2.3  Outgassing  Experiments 

The  outgassing  experiments  were  run  in  the  following  fashion. 
A  weighed  sample  was  placed  in  a  10  ml  Hypo-Vial  (Pierce  Chemical  Co., 
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Part  Number 

1.  1 3222E8984 

13221  £911 3 
1 321 9E9481 


2.  1 321 9E9543 


3.  M/A 


4.  M/A 


5.  13211  £3465 


TABLE  2-6 

LIST  OF  SAMPLES  SUPPLIED  BY 
KECO  INDUSTRIES*  INC. 

Description 


-  1/2“  Thick  Plastic  Unicellular  Material 

-  Surface  Skin  on  one  cr  both  sides. 

-  Per  MIL-P-15280 

-  Supplier:  Miami  Valley  Gasket  Company 

Focke  Rubber  Products  Division 
113-15  East  Third  Street 
Dayton,  Ohio  45402 
Tel:  (513)  228-0781 

-  Thermal  Bulb  Insulation  Tape. 

-  Synthetic  Rubber  -  Asphalt  filled  with 
Virgin  Cork  and  Asbestos. 

-  Supplier:  Inmort  Corporation 

Prestlte  Products 

3738  Chouteau  Avenue 

St.  Louis.  Missouri  63110 

-  Adhesive  Per  MIL-A46106. 

-  Silicon  RTU 

-  SI 1 Icon/Rubber 

-  Aluminum  Sealant 

-  Supplier:  Dow  Coming. 

-  Adhesive  Rubber  Per  HM-A1617 

-  Scotch  Grip  Contact  Cement. 

-  Green  4518 

-  Supplier:  3M  Company 

Adhesives,  Coatings,  Sealers 
Division,  3720  South  Yenoy  Road 
Wayne,  Michigan  45184 

-  Sealer. 

-  Supplier:  3M  Company 

3M  Center 

St.  Paul,  Minnesota  55101 
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TABLE  2-6  (Continued) 


LIST  OF  SAMPLES  SUPPLIED 
KECO  INDUSTRIES,  INC. 


BY 


Part  Number 

6  1 321 9E9554-1 


7.  13219E9528 


8.  1321 9E9568-1 


9.  1321 9E2889 


10,  1321 8E0001 -230 


Descrl ptlon 


-  Heating  Element. I 

-  Drawing  enclosed! 

-Supplier:  E.  L.iWeigand 

c/o  Cromolox  Sales 
1132  West  Kemper  Road 
Cincinnati,  Ohio  45240 

-  Non-EMI  Gasketing. 

-  PUC  Resin  Foam,  j 

-  Supplier:  Norton  Corporation 

Franvllle,  New  York  12832 

I 

-  EMI  Gasketing.  ! 

-  Silicon  Sponge  Elastomer. 

-  No  Adhesive.  j 

-  Supplier:  ME  Tex  Corporation 

Esllson,  New  York  08817 

I 

-  Heater  Gronmet. 

-  Supplier:  Midwest  Precision 

1 1 29 7 !  Grooms  Road 
Blue  Ash,  Ohio  45242 

-  Tubing. 

-  Type  IY,  Clear,  Class  6. 

-  Per  MIL-Z-Z-T-831. 

-  Supplier:  Read  Plastics 

Address  Unavailable. 
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Rockford,  IL.).  The  vial  was  sealed  with  a  teflon-lined  silicone  septum 
and  an  aluminum  seal.  The  material  Inside  the  vial  was  therefore  exposed 
to  air  during  the  course  of  the  experiment.  The  sealed  vial  was  placed 
Inside  an  oven  at  a  specified  temperature  for  two  hours.  Immediately 
upon  removal  from  the  oven  the  vial  was  connected  to  the  front  of  a  gas 
chromatograph  through  a  stainless  steel  fitting.  The  septum  on  the  vial 
was  punctured  and  the  vial  was  purged  with  air  for  four  minutes  at  10 
ml /min.  This  operation  transferred  the  volatile  compounds  produced 
during  thermal  decomposition  to  the  analytical  column.  The  column  (12'  x 
1/8"  Chromosorb  101)  was  then  programmed  from  40*C  to  200*C  at  16*C/m1n 
with  a  nitrogen  flow  of  40  ml/min.  Under  these  conditions  acrolein 
eluted  from  the  column  in  about  10.5  minutes  and  toluene  eluted  from  the 
column  In  about  14.5  minutes.  A  number  of  the  experiments  were  run  in 
both  the  presence  and  absence  of  an  acrolein  internal  standard  to  verify 
that  the  vial  did  not  leak  and  lose  volatile  compounds  during  the  two 
hour  heating  time. 

The  experiments  were  run  first  using  flame  ionization  detection 
(FID).  The  FID  screening  Identified  those  materials  which  produced  a 
significant  quantity  of  outgasslng  products.  These  were  then  tested 
using  GC/MS.  It  was  Important  to  define  what  constitutes  a  "significant" 
quantity  of  outgasslng  products.  The  criteria  used  to  do  this  is 
described  In  the  next  section. 

The  thermal  destruction  analysis  of  materials  suggested  in 
Recommendation  1  (f)  were  not  done.  During  the  August  9,  1982  meeting 
the  Investigative  Team  determined  that  all  materials  would  produce 
chemical  irritants  in  this  experiment  and  no  useful  results  would  be 
obtained.  All  agreed  to  drop  these  experiments. 

2.3.1  Criteria  for  Screening  Materials 

The  following  assumptions  were  used  to  define  what  quantity  of 
outgasslng  products  was  significant. 
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1.  The  Internal  volume  of  the  CRG  is  14.4  m3. 

2.  All  of  the  material  In  the  heater/air  conditioner  unit  was 
heated  to  the  maximum  experimental  temperature. 

3.  All  of  the  outgasslng  products  are  released  at  once,  the 

first  time  the  unit  Is  turned  on  the  heating  mode  In  the  CRG. 

4.  There  is  no  air  exchange  between  the  CRG  and  the  outside 
air.  All  outgasslng  products  are  diluted  In  only  14.4m3. 

Using  these  assumptions  a  predicted  maximum  air  concentration  can  be 
calculated  from  the  experimental  data.  For  example,  assume  that  the 

experiments  show  that  material  A  releases  1  mg  of  a  contaminant  per  gram 

of  material  A  when  It  is  heated  to  280*F.  If  there  are  100  grams  of 
material  A  In  the  heater/air  conditioner,  the  predicted  maximum  air 

3 

concentration  would  be  6.9  rag/m  . 

3>  .  6.9  mg/m3 

14.4mJ 

if  the  predicted  maximum  air  concentration  Is  greater  than  the  Threshold 
Limit  Yalue  (TLY)  published  by  NIOSH  then  the  material  deserves  further 
consideration.  If  It  Is  lower,  the  material  will  not  cause  any  problem. 

TLY's  have  been  published  by  the  American  Conference  of 
Governmental  Industrial  Hygienists.  They  state: 

"Threshold  limit  values  refer  to  airborne  concentrations  of 

substances  and  represent  conditions  under  which  it  is  believed 
that  nearly  all  workers  may  be  repeatedly  exposed  day  after  day 
without  adverse  effect.  Because  of  wide  variation  in 

individual  susceptibility,  however,  a  small  percentage  of 

workers  may  expen'ence  discomfort  from  some  substances  at 

concentrations  at  or  below  the  threshold  limit;  a  smaller 
percentage  may  be  affected  more  seriously  by  aggravation  of  a 
pre-existing  condition  or  by  development  of  an  occupational 
Illness."1 

Table  2-7  presents  the  allowable  release  quantities  for  the 
different  materials  at  various  values  for  the  TLY  of  the  products.  A  few 
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ALLOWABLE  RELEASE  QUANTITIES  (ag  PRODUCT/S  MATERIAL) 


TLV 

(ag/nH) 

FOAM 

TUBING 

INSULATION 

TAPE  GROf«ETS 

ADHESIVE 

SEALER 

0.25 

0.09 

0.018 

0.21 

0.009 

0.036 

1.0 

0.39 

0.072 

0.84 

0.036 

0.144 

2.0 

0.016 

1.6 

0.29 

3.4 

0.144 

0.58 

5.0 

0.04 

1.95 

0.36 

4.2 

0.18 

0.72 

10.0 

'*.08 

3.9 

0.72 

8.4 

0.36 

1.44 

10C.0 

0.8 

39.0 

7.2 

84.0 

3.6 

14.4 

1000.0 

8.0 

390.0 

72.0 

840.0 

36.0 

144.0 

ESTIMATE  WEIGHT  IN  UNIT 

INSULATION 


FOAM 

TUBING 

TAPE 

GROMMETS 

ADHESIVE 

SEALER 

40  g 

21  g 
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things  should  be  noted  from  this  table.  First,  the  materials  present  In 
small  quantities  in  the  units  (grommets)  can  release  more  contaminants 
and  still  pose  no  hazard  than  the  materials  present  In  large  quantities 
(foam).  Second,  products  with  higher  TLY's  can  be  safely  released  In 
larger  quantities  than  products  with  low  TLY's.  For  example,  If  0.016 
rag/g  of  toluene  (TIY  »  820  mg/m3)  are  released  from  the  foam,  there 
will  be  no  cause  for  cr-»cern.  if,  however,  the  same  quantity  (0.016 
■g/g)  of  acrolein  (TLY  *  0.25  rag/m3)  Is  released  from  the  foam  there 
will  be  substantial  cause  for  concern. 

The  FID  experiments  estimated  the  release  quantities  at  various 
temperatures  for  the  materials  chosen  by  the  Investigative  Team.  Using 
the  above  assumptions,  the  estimated  release  quantities  were  used  to 
predict  maximum  air  concentrations.  If  the  predicted  maximum  air 
concentration  exceeded  0.25  mg/m3  for  any  outgasslng  product,  the 
experiment  was  repeated  using  SC/MS. 

It  should  be  noted  that  this  procedure  leaves  some  uncertainty 
concerning  the  actual  amount  of  products.  In  the  FID  experiments  it  Is 
not  possible  to  Identify  the  compounds  produced.  For  this  reason  It  was 
necessary  to  use  the  response  factor  for  acrolein  for  all  of  the  peaks 

observed  In  the  chromatogram.  Since  different  compounds  have  different 

response  factors  this  will  cause  an  error  In  the  estimate  of  the  quantity 
of  products  found.  We  have  therefore  included  a  safety  factor  of  3  In 
our  FID  screening.  That  Is,  If  the  quantity  of  products  Is  within  a 

factor  of  3  of  the  level  of  concern,  a  GC/NS  experiment  was  performed. 
In  most  cases  the  FID  chromatograms  indicated  that  there  were  no 

qualitative  changes  In  the  identity  of  the  products  obtained  at  different 
temperatures.  When  this  was  observed  the  GC/MS  experiments  were  only  run 
at  the  temperature  which  produced  the  most  compounds. 

The  assumptions  used  here  are  strongly  on  the  side  of  safety. 
The  temperature  measurements  inside  the  operating  units  (Section  2.1.2) 


show  that  the  maximum  temperature  will  not  be  attained  In  all  areas  of 
the  units.  Assumption  #2  above  Is  therefore  certainly  In  error.  Even  at 
the  points  In  the  heater/air  conditioners  where  the  maximum  temperatures 
are  reached  this  Is  only  true  at  the  surface  of  the  material.  For 
example,  the  temperature  of  the  foam  will  decrease  from  the  Inside 
temperature  to  the  ambient  outside  temperature  as  one  moves  through  the 
thickness  of  the  foam.  In  the  experiment,  however,  the  foam  was 
uniformly  heated  to  the  maxlaua  temperature.  In  the  units,  the  exposed 
surface  area  of  any  material  Is  fairly  small.  In  the  experiments  the 
materials  were  cut  Into  small  pieces,  therefore  Increasing  their  surface 
area.  It  Is  likely  that  this  will  Increase  the  amount  of  products 
found.  This  suggests  that  assumption  #3  also  overestimates  the  amount  of 
contamination  that  could  be  produced.  Assumption  #4,  that  the  CRG  Is  air 
tight.  Is  also  probably  In  error.  The  errors  In  these  assumptions 
Indicate  that  this  procedure  will  overestimate  the  quantity  of  products 
and  will  underestimate  the  volume  In  which  the  products  are  diluted.  For 
these  reasons  we  believe  that  the  assumptions  Include  a  large  safety 
factor. 


The  normal  operating  temperature  experiments  were  run  In 
duplicate.  One  of  the  duplicates  was  run  on  a  chromatographic  column  for 
low  boiling  compounds  (Chromosorb  101).  The  second  duplicate  was  run  on 
a  col  man  appropriate  for  less  volatile  compounds  (SP-2250).  A  number  of 
the  experiments  with  the  low  boiling  compounds  were  also  run  after 
spiking  the  sample  with  ari  aqueous  solution  of  acrolein.  This  was  done 
to  confirm  that  the  vials  were  not  seriously  leaking  during  the  heating 
time.  If  serious  leaks  had  occurred,  very  low  recoveries  of  the  spike 
would  be  observed.  The  acrolein  could  not  be  recovered  in  the  presence 
of  the  black  foam,  probably  due  to  surface  or  gas  phase  reactions. 
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2. 3. 2.1  Low  Bolling  Compounds 

The  results  of  the  thermal  decomposition  experiments  for  the 
low  boiling  compounds  are  presented  In  Table  2-3.  The  low  boiling 
compounds  are  defined  as  those  that  elute  from  the  chromatographic  column 
before  ethyl  benzene  under  the  analytical  conditions  used.  The  allowable 
release  levels  are  those  calculated  In  the  previous  section,  expressed  In 
ug/g.  The  experiments  on  the  thermal  bulb  Insulation  tape  and  the  heater 
grommets  showed  that  the  quantity  of  products  found  after  heating  was 
very  small.  Neither  exceeded  the  criteria  levels  at  the  highest 
temperatures  tested,  so  the  experiments  were  not  run  using  SC/MS. 

Although  the  outgasslng  of  the  tubing  was  also  below  the 
criteria  levels,  the  experiments  were  run  using  GC/MS.  This  was  done 
because  of  the  appearance  of  the  tubing  In  unit  SN  81013  during  the 
Inspection  at  Fort  811ss,  Texas  as  discussed  In  Section  3.2. 

The  adhesive,  the  sealer  and  the  Insulating  foam  all  exceeded 
the  criteria  levels  at  normal  operating  temperatures.  Further  wort  was 
done  on  these  materials  using  GC/MS. 

When  Interpreting  the  data  from  these  experiments.  It  should  be 
noted  that  the  FID  does  not  respond  to  all  compounds.  That  Is,  some 
compounds  such  as  hydrogen  chloride,  water  and  carbon  disulfide  do  not 
cause  the  FID  to  respond,  and  they  would  therefore  be  missed  In  these 
experiments.  Some  typical  chromatograms  from  these  experiments  are 
presented  In  Figures  2.1  through  2.7. 

2.3.2. 2  High  Bolling  Compounds 

The  outgasslng  experiments  were  run  In  an  Identical  fashion  for 
the  high  boiling  compounds  except  that  the  vial  containing  the  outgassing 
products  was  heated  with  a  heat  gun  during  the  transfer  of  the  products 
to  the  chromatography  col  inn.  This  was  done  to  ensure  that  the  compounds 
would  not  condense  on  the  wall  of  the  vial  during  the  transfer 
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ESTIMATED  QUANTITY  OF  THERMAL  DECOMPOSITION  PROOUCTS  (ug/g) 
Temperature 


Allowable  Foam 

Tubl ng 

Adhesive 

Sealer 

Thermal 

Gronmets 

Release 
Quantl ty 

2 

90 

9 

36 

Tape 

18 

171 

280 *F 

60 

6 

++ 

77 

MA 

0.4 

245*F 

23 

2 

MA 

MA 

MA 

MA 

194*F 

6 

MA 

4300 

160 

4 

MA 

1 58*F 

MA 

MA 

2500 

no 

2 

MA 

70  *F 

MA 

MA 

75 

16 

0.5 

MA 

MA  -  Mot  analyzed. 

++  ■  High  levels,  beyond  linear  range  of  detection. 
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operation.  The  chromatographic  column  ms  31  SP-2250  or  100/120  mesh 
Supelcoport.  A  chroma tog ran  containing  xylene  and  benzo  g,ht1,  perylene 
was  run  before  starting  the  experlnents  to  confine  that  the 
chromatographic  system  ms  operating  properly.  TWo  ug  of  xylene  were 
spiked  Into  each  experimental  rial  before  heating  to  confirm  that  the 
vials  did  not  leak  during  the  heating  process.  The  xylene  ms  recovered 
In  all  of  the  experiments. 

The  following  materials  Mre  tested  by  this  technique  for  the 
presence  of  high  boiling  outgasslng  products: 

1 .  foam 

2.  adhesive 

3.  sealer 

4.  tubing 

The  materials  were  heated  to  280*F  for  two  hours  before  sweeping  the 
products  onto  the  chromatographic  column. 

hone  of  the  materials  produced  significant  quantities  of  high 
boiling  compounds  at  280*F.  Approximately  0.5  grams  of  material  were 
used  In  all  of  the  experiments.  The  highest  Intensity  peaks  in  any  of 
the  chromatograms  were  less  than  1  OX  of  the  Intensity  of  the  xylene 
internal  standard.  These  peaks  Mre  observed  In  the  experiments  on  the 
adhesive.  The-  maximum  estimated  release  quantity  for  all  of  the 
materials  Is  0.4  ug/g  at  280*F.  Referring  to  Table  2-3,  It  Is  clear  that 
the  high  boiling  outgasslng  products  are  of  no  concern.  Irrespective  of 
their  Identity  they  will  not  reach  hazardous  concentrations. 


2.3.3  Outgassli 


•  rlments  Using  GC/MS 


Due  to  the  observations  of  the  outgasslng  experiments  us-'ng 
GC/FID,  a  number  of  materials  were  run  using  GC/MS  as  the  analytical 
tool.  The  technique  was  similar  to  that  described  for  the  GG/FID 
experiments.  The  materials  Investigated  using  GC/MS  were: 
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1.  black  Insulating  foan 

2.  tygon  tubing 

3.  green  adhesive 

4.  brown  sealer 

The  materials  were  heated  to  280*F  for  two  hours  before  sweeping  the 
volatile  products  Into  the  Instnraent. 

2. 3. 3.1  Insulating  Foam 

The  black  Insulating  foam  produced  six  compounds  In  appreciable 
quantities.  Some  of  the  data  Is  presented  In  Figure  2.8  through  2.11. 
The  compounds  are: 

1.  carbonyl  sulfide 

2.  methanol 

3.  ethanol 

4.  acetone 

5.  carbon  disulfide 

6.  benzene 

Three  of  these  compounds  are  of  little  concern.  The  Threshold  Limit 
Values  for  acetone,  ethanol  and  methanol  are  2400  mg/m3,  2050  mg/m3 
and  285  mg/m3,  respectively.  The  quantities  of  materials  found  In  the 
FID  experiments  show  that  these  compounds  will  not  approach  dangerous 
levels  In  the  CRG.  The  three  remaining  materials  have  relatively  low 
TlY's.  The  TIY  for  benzene  Is  30  mg/m3  and  the  TLY  for  carbon 
disulfide  Is  30  mg/m3.  There  Is  no  TLY  for  carbonyl  sulfide.  However, 
the  Inhalation  toxicity  and  the  toxicity  ratings  presented  In  "Dangerots 
Properties  of  Industrial  Material  s"*  are  similar  to  those  of  carbon 
disulfide.  It  Is  probably  reasonable  therefore  to  assume  that  the  hazard 
Is  about  the  same  for  both  materials. 

The  data  from  the  FID  experiments  were  used  to  estimate  the 
amount  of  benzene  which  may  be  produced  by  heating  the  foam.  The  largest 
peak  eluting  in  the  region  of  the  FID  chromatograms  was  used  to  calculate 
an  approximate  amount  of  benzene  present  In  the  experiments.  This  was 
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used  to  obtain  the  amount  of  benzene  produced  per  unit  weight  of  foam. 
Based  on  the  assumption  as  In  the  previous  FID  experiments,  that  there  Is 
no  air  exchange  In  the  CRG  and  that  1800  grams  of  foam  are  heated  to  the 
experimental  temperature,  a  maximum  expected  concentration  In  the  CRG  can 
be  calculated.  These  calculations  are  Identical  to  those  used  to 
determine  whether  or  not  GC/MS  experiments  were  necessary  (see  Section 
2.3.1).  With  these  assumptions  the  amount  of  benzene  produced  at  280*F 
corresponds  to  0.67  mg/ra^,  while  at  245*F  the  maximum  expected 
concentration  would  be  0.11  mg/m^.  The  first  value  Is  44  times  less 
than  the  TLV,  the  second  Is  over  250  times  less  than  the  TLY.  Because 
these  are  fairly  low  quantities  and  the  assumptions  In  this  analysis  are 
strongly  on  the  side  of  safety,  it  Is  unlikely  that  benzene  will  be  a 
significant  problem  In  the  CRG  under  normal  operating  conditions. 

The  carbon  disulfide  could  not  be  quantified  using  FID  because 
the  detector  does  not  respond  to  it.  The  thermal  degradation  experiments 
on  the  black  foam  were  therefore  repeated  using  an  electron  capture 
detector  In  order  to  estimate  the  amount  of  carbon  disulfide  produced  by 
the  foam  at  various  temperatures.  These  experiments  are  described  In 
Section  2.3.4. 

2. 3. 3. 2  Tygon  Tubing 

The  tygon  tubing  produced  two  compounds  In  appreciable 
quantities  when  heated  to  280*F.  These  two  compounds  were  2-butene  and 

3 

acetone.  The  TLY  for  acetone  Is  2400  mg/m  ,  so  it  Is  of  no  concern. 
There  Is  no  TLY  for  2-butene,  but  the  TLY  for  the  closely  related  alkene 
1,3  butadiene  Is  220  mg/rn^.  These  two  compounds  were  produced  in  small 
quantit-'1.  s,  and  they  have  low  toxlcitles,  so  It  appears  that  the  tygon 
tubing  poses  no  hazard  at  280*F. 

2. 3. 3.3  Sealer 

The  sealer  produced  four  compounds  In  appreciable  quantities 
when  heated  to  280*F.  The  experiment  was  done  after  allowing  the  sealer 
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to  air  dry  overnight.  The  data  are  presented  in  Figure  2.12.  The 
compounds  produced  were: 

1.  hexane  TLV  ■  1800  mg/m3 

2.  2-butanone  (methyl  ethyl  ketone)  TIV  •  640  mg/ra3 

2.  4-methy1-2-pentanone  (methyl  Isobutyl  ketone)  TLV  *  410 
mg/m3  , 

4.  toluene  TLV  ■  820  mg/a3 

These  compounds  all  have  fairly  low  toxlclties,  and  they  are  produced  In 
small  quantities  (see  Table  2-8).  The  sealer  used  In  the  PATRIOT 
Heater/Air  Conditioner  should  present  no  hazard  under  typical  operating 
conditions. 


2. 3. 3. 4  Adhesive 

The  adhesive  used  on  the  foam  (Scotch  Green  4518)  produced 
seven  compounds  In  appreciable  quantities  when  heated  to  280*F.  The 
adhesive  was  allowed  to  air  dry  overnight  before  running  the  experiment 
In  order  to  'Insulate  the  aging  and  loss  of  solvents  which  would  occur 
during  manufacturing  and  shipping.  The  data  are  presented  In  Figure 
2.13.  The  seven  compounds  were: 

1.  acetone  -  TLY  *  2400  mg/m3 

2.  3-methyl  pentane  no  data,  probably  low  toxicity  (Sax) 

3.  hexane  -  TLV  ■  1800  mg/m3 

4.  ethyl  cyclobutane  no  data,  probably  low  toxicity  (Sax) 

5.  heptane  -  TLV  »  220  mg/m3 

6.  3-methyl  hexane  no  data,  probably  low  toxicity  (Sax) 

7.  toluene  -  TLY  *  820  mg/m3 

To  excted  the  level  of  concern  for  the  most  toxic  compound  found 
(toluene)  the  adhesive  would  have  to  release  29500  ug/g  of  toluene.  The 
data  In  Table  2-8  show  that  the  level  Is  not  exceeded  at  194*F.  It  may, 
however,  be  exceeded  at  higher  temperatures.  This  will  depend  on  the 
amount  of  adhesive  used  In  the  heater/air  conditioners,  the  amount  of 
time  allowed  for  drying,  and  the  extent  to  which  the  toluene  can  diffuse 
through  the  foam  once  It  has  been  applied.  It  has  been  detected  In  past 
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sampling  efforts  during  this  investigation  (July  21,  1982  report)  but 
only  at  trace  levels.  It  should  be  noted  that  toluene  has  a  strong  and 
distinct  smell  at  concentrations  well  below  the  TLV.  Since  the  personnel 
working  on  this  project  have  never  smelled  toluene  while  the  Heater/Air 
Conditioners  were  running  It  seems  unlikely  that  the  solvents  in  the 
adhesive  pose  a  significant  threat.  All  of  the  solvents  have  relatively 

low  acute  toxlcltlesl 

! 

I 

2.3.4  Higher  Temperature  Experiments 

Two  of  the  materials  In  the  Heater/Air  Conditioners  were  also 
tested  for  outgasslng  products  at  higher  temperatures.  The  sampling  team 
in  Fort  811ss,  Texas,  noted  that  some  of  the  materials  In  one  of  the 
units  had  apparently  been  exposed  to  much  higher  temperatures  than 
expected  (see  Section  3.2).  For  this  reason  the  black  foam  and  the 
tubing  were  exposed  to  temperatures  of  340*F  In  one  set  of  experiments. 
This  temperature  Is  much  higher  than  the  highest  normal  operating 
temperature  measured  In  Section  2.1.2.  It  would  only  be  attained  in  tht 
units  during  a  mechanical  or  electrical  malfunction. 

In  the  SC/FID  experiments  a  sample  was  heated  in  a  sealed 
Hypo-Vial  for  two  hours  at  340*F.  A  sample  of  the  headspace  was  Injected 
Into  the  Instrument  using  a  gas  tight  syringe.  The  coefficient  of 
variation  for  duplicate  Injections  of  toluene  vapors  was  3.22.  A  12  ft. 
Chromosorb  101  column  was  used  In  the  Instrument,  and  the  temperatu>-e  was 
programmed  at  16*C/min  f>-om  40‘C  to  20Q*C. 

At  340*C  the  tubing  released  very  small  quantities  of 
products.  The  largdst  peak  In  the  chromatogram  (Figure  2.14)  had  the 
same  retention  time  as  toluene.  Assuming  that  the  peak  was  toluene,  the 
quantity  recovered  was  0.0036  mg  per  gram  of  tubing.  Table  2.7  indicates 
that  this  is  not  a  significant  amount  of  material,  Irrespective  of  the 
true  Identity  of  the  peak.  Therefore  the  GC/MS  experiments  were  not 
required  to  Identify  the  peak. 
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At  340*C  the  black  Insulating  foam  released  appreciable 
quantities  of  a  number  of  different  compounds,  so  the  SC/MS  experiments 
were  performed.  Some  of  the  data  Is  presented  In  Figures  2.15  through 
2.18.  The  compounds  Identified  were: 

Carbon  dioxide,  TLY  •  9000  ag/m^ 

Carbcnyl  sulfide  (COS),  no  TLY 
Sulfur  dioxide,  TLY  «  5  *g/aH 
Carbon  disulfide,  TLY  •  30  mg/m^ 

8enzene,  TLY  -  30  ag/m^ 

N,h-d1methy1fonaam1de,  TLY  ■  30  ag/m* 

Other  compounds  were  also  present,  but  their  spectra  could  not 
be  conclusively  Identified. 

The  amount  of  benzene  released  from  the  foam  was  quantified 
using  GC/FIO.  The  amounts  of  carbon  disulfide  and  sulfur  dioxide 
released  were  quantified  using  gas  chromatography  with  electron  capture 
detection  (GC/ECD).  Th*  amount  of  carbonyl  sulfide  could  not  be 

quantified  because  no  standard  was  readily  available.  An  estimate  was 
obtained  assuming  that  the  response  factor  for  carbonyl  sulfide  on  SC /MS 
was  the  same  as  the  response  factor  for  carbon  disulfide.  The  response 
for  dimethyl  formawide  was  small  on  both  GC/FID  and  SC/MS,  so  It  was  net 
quantified.  The  sulfur  dioxide  and  carbon  disulfide  were  released  In 
fairly  large  quantities,  so  the  outgasslng  experiments  were  also  repeated 
for  these  compounds  at  280*F  and  250*".  The  results  of  the  experiments 
are  presented  In  Table  2-9.  A  typical  chromatogram  Is  presented  In 
Figure  2.19. 

Referring  to  Table  2-7,  we  estimate  that  the  TLY  for  carfon 
disulfide  (30  mg/m^)  could  not  be  exceeded  unless  the  foam  released 

greater  than  0.24  mg  carbon  disulfide  per  y*  am  of  foam.  At  340*F  the 

quantities  found  are  less  than  this  by  a  factor  of  2.5.  At  280*F  and 

250 *F  they  are  less  than  this  by  factors  of  10  and  20,  respectively. 


K-  vy 

2-44 


FTOJKE  2.15 

Foam  Outgasaing  Products,  340°? 


/V'-vr 

2-45 


LIMMV  tKARCH  DATA:  124  •  141  *A«  H/C:  74 

04/24/42  14:94:00  *  4:33  04.1:  40  •  9  RIC:  43394. 

•AMFLX:  FOAM  FOR  EXF£RIM*MT  170C  HEA04RAC*  0.  9ML 
OMAMCSS  <•  1M  2M  OT) 

29404  4R4CTRA  1M  UMANVN9  SEARCHES  FOR  MAXIMUM  FURITV 

141  MATCXS  AT  LEAST  9  OF  TW  14  LARGEST  F4AA4  1M  THE  UF4WOMN 

RANK  IN  MAA* 

1  272  CARSOMOI4ULFIDC 

2  4772  AR4INE 

3  174  THIOUREA 

4  1103  i-AROFAMETilOL 

9  3044  1-F40FC*.  1-CMLORO- 


RAMI  FORMULA 

M.  *T 

a.  F4 

FURITV 

FIT 

RF1T 

1  C.  C3 

74 

74 

4R7 

444 

•44 

2  M3.  AC 

79 

74 

447 

494 

741 

3  C.  M4.  ML  ■ 

74 

74 

404 

410 

744 

4  CO.  HR.  « 

74 

74 

9R1 

434 

743 

9  CO.  MO.  CL 

74 

74 

994 

544 

412 

*4 

IWTDf 

1 

2 

3 

4 

9 

33 

2 

34 

3 

4 

39 

23 

34 

3 

14 

37 

1 

44 

34 

94 

47 

4 

30 

90 

34 

10 

4 

0 

74 

242 

40 

0 

14 

79 

41 

0 

34 

171 

917 

43 

13 

0 

194 

204 

14 

43 

J 

0 

701 

214 

44 

134 

133 

0 

74 

49 

3 

3 

0 

*3 

44 

3 

4 

0 

23 

*9 

47 

22 

294 

44 

44 

34 

44 

0 

30 

91 

30 

97 

3 

94 

13 

90 

94 

130 

40 

40 

241 

41 

IU7 

40 

42 

13 

34 

44  . 

11 

14 

14 

49 

0 

44 

1 

47 

1 

73 

24 

79 

143 

104 

74 

1000 

1004 

443 

1034 

442 

794 

77 

31 

27 

110 

24 

34 

94 

74 

43 

■4 

337 

44 

49 

244 

FIGUPE  2.17 

Identification  of  Carbon  Disulfide 
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Identification  of  Sulfur  Dioxide 
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TABLE  2-9 

QUANTITIES  OF  COMPOUNDS  RELEASED  FROM  FOAM  (ag/gra*) 


9 

& 


Hrt 

vVt 

TEMPERATURE 

c:mpound 

340  *F 

280  *F 

250*F 

fa 

Carbon  Disulfide 

0.094  (0.0087)* 

0.025  (0.0023)* 

0.013  (0.0059)* 

tv 

Sulfur  Dioxide 

1.65  (0.416)* 

N.D- 

N.D. 

Benzene 

0.013 

S 

Carbonyl  sulfide 

0.17** 

— — 

— - 

j 


rS 


$ 


-r. 


*  Standard  deviation,  three  replicates. 
♦♦Estimate,  see  text. 

M.O.  »  None  Detected. 

-  ■  Not  analyzed  at  this  temperature. 
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Table  2-7  also  Indicates  that  the  TLY  for  sulfur  dioxide  (5 
.^/ra3)  would  not  be  exceeded  unless  the  foam  released  greater  than  0.04 
ng  sulfur  dioxide  per  gram  of  foam.  The  quantity  released  at  340*  Is 
greater  than  this  by  a  factor  of  40. 

2.4  Conclusions 

The  normal  operating  temperature  range  Inside  the  PATRIOT 
Heater/Air  Conditioners  was  measured.  Outgasslng  experiments  were 
performed  at  a  number  of  temperatures  .in  five  materials  chosen  by  the 
Investigative  Team.  The  Investigative  Team  suggested  that  the  maximum 
temperature  tested  should  be  15S  greater  than  the  maximum  observed 
operating  temperature.  At  these  temperatures,  the  results  show  that  the 
concentrations  of  the  compounds  released  will  probably  not  reach 
hazardous  levels. 

Two  materials  (tygon  tubing  and  black  Insulating  foam)  were 
also  tested  at  temperatures  much  higher  than  normal  operating 
temperatures.  Certain  compounds  were  released  from  the  Insulating  foam 
In  concentrations  which  could  possibly  be  hazardous.  The  assumptions 
used  to  estimate  the  hazard  from  this  release  were  chosen  to  overestimate 
a  potential  hazard.  They  were  strongly  on  the  side  of  safety. 

The  Investigative  Team  noted  a  manufacturing  flaw  In  unit  SN 
801160.  A  piece  of  reflective  aluminum  Intended  to  protect  the 
Insulating  foam  from  high  temperatures  was  missing  from  this  unit.  The 
Investigative  Team  agreed  that  this  was  a  serious  quality  control  defect. 
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3.0  TASK  2  -  RECOMPCNDATIONS  3,  4,  4  5 
3.1  Summary  of  Target  Parameters 

A  number  of  target  parameters  were  suggested  in  the  draft 
experimental  plan  dated  July  30,  1982.  In  the  meeting  of  the 
Investigative  Team  on  August  9,  1982  other  parameters  were  added.  The 
final  list  of  target  parameters  for  the  sampling  effort  at  Fort  Bliss 
Included: 


1.  Acrolein 

2.  Formaldehyde 

3.  Cyanide 

4.  Amines 

5.  Hydrogen  Chloride 

6.  Carbon  01 oxide 

7.  Carbon  Monoxide 

8.  Semi -volatile  organics  and  aromatics  collected  on 
charcoal 

9.  Volatile  organics  and  aromatics  collected  on  Porapak  N. 

The  results  show  that  no  acrolein,  cyanide  or  hydrogen  chloride 
was  present  In  the  air  In  the  CRG.  All  samples  were  telow  the  detection 
limit  of  the  methods.  Traces  of  formaldehyde  were  found  both  Inside  and 
outside  the  CRG  shelter,  but  the  levels  found  were  so  low  that  they  did 
not  constitute  any  hazard.  An  unknown  compound  was  present  In  the 
ambient  air  at  Fort  Bliss  which  interfered  with  the  analysis  for  amines. 
Therefore,  no  results  were  obtained  for  amines.  Carbon  dioxide  and 
carbon  monoxide  levels  Inside  the  CRG  were  not  significantly  different 
from  the  levels  found  In  the  ambient  air  outside  the  CRG.  The  charcoal 
tube  test  for  semi -volatile  organics  and  aromatics  did  not  detect  any 
contaminants  at  hazardous  levels.  Trace  quantities  of  volatile  organic 
and  aromatic  compounds  were  found  in  the  Porapak  M  sampling  tubes. 
Again,  the  compounds  were  well  below  levels  which  could  possibly  be 
hazardous. 
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Earlier  reports  from  site  personnel  at  Fort  Bliss  indicated 

that  Unit  81013  was  missing  a  piece  of  reflective  aluminum  inside  the 
heater  box  which  shields  the  black  foam  insulation  from  exposure  to  high 
temperatures  created  by  the  heater  rods.  The  visual  inspection  performed 
by  Versar  and  VSE  personnel  showed  that  this  was  not  in  fact  the  case. 
All  pieces  of  reflective  aluminum  were  present  and  properly  installed. 

The  Yersar  and  YSE  inspection  of  Unit  81013  did  uncover  other 
significant  findings.  TWo  plastic  materials,  the  teflon  heater  grommets 
and  the  tubing,  had  melted  at  some  previous  time.  At  some  pcint  the 

Inside  of  the  heater  box  on  this  particular  unit  reached  temperatures 
which  exceeded  these  for  which  the  internal  components  were  designed. 

The  temperatures  required  to  do  this  damage  were  much  higher  than  these 

measured  in  the  thermal  experiments  described  in  Section  2.1.2. 

3.2  Sarapl 1 ng 

3.2.1  Introduction 

Yersar  was  contracted  by  YSE  Corporation  to  sample  the  exhaust 
air  from  two  MERADCOM  PATRIOT  Heater/Air  Conditioners  for  selected 
inorganic  and  organic  compounds  as  described  in  the  "Draft  for  Comment" 
Test  Plan  dated  July  30,  1982  (Appendix  I).  Prior  to  testing,  each 
individual  heater  unit  was  installed  in  the  CRG.  Each  unit  was  visually 
inspected  prior  to  heater  operation  and  testing  activities  to  ensure  it 
was  assembled  according  to  specification.  Samples  were  collected  Inside 
the  shelter  using  techniques  which  would  allow  detection  of  the  target 
parameters:  acrolein,  amines,  aromatics  (loss  than  120  molecular  weight), 
carbon  dioxide,  carbon  monoxide,  formaldehyde,  hydrogen  cyanide,  hydrogen 
chloride,  and  a  broad  range  of  organic  compounds.  Corresponding  to  each 
of  these  sample  sets  collected  inside  the  shelter,  an  identical  sample 
set  was  collected  outside  the  shelter  at  a  point  near  the  Heater/Air 
Conditioner  inlet.  The  sample  sets  collected  outside  the  shelter  were 
used  to  establish  baseline  ambient  conditions  for  comparisons  with  air 
Inside  the  shelter  during  the  testing. 
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3.2.2  Facility  Description 

As  each  of  the  PATRIOT  Heater/Air  Conditioners  was  to  be 
tested,  it  was  Installed  In  position  on  the  CRG  shelter.  The  CRG  shelter 
was  outfitted  with  conraunl cations  equipment  which  was  contained  in 
Instrumentation  cabinets  and  was  cooled  independently  from  the  Interior 
air.  The  Interior  dimensions  and  top  view  of  the  CRG  are  presented  In 
Figure  3.1.  The  volume  of  the  heated/air  conditioned  area  was 
approximately  330  cubic  feet  (9.4  cubic  meters). 

During  the  week  of  sampling  activities,  the  CRG  was  parked  at 
Abernathy  Park  In  Fort  Bliss,  Texas,  behind  a  Raytheon  facility.  The  CRG 
was  powered  using  an  in-house  source  rather  than  a  generator  deployed 
near  the  CRG.  The  Initial  phase  of  activities  prior  to  sampling  was  a 
complete  Inspection  of  both  the  CRG  itself  and  the  PATRIOT  Heater/Air 
Conditioner  In  position  on  August  23,  1982  (Unit  A  -  SN  81013).  Inside 
the  CRG  shelter,  visual  Inspection  revealed  only  one  major  material  that 
was  In  close  proximity  to  the  heated  air.  This  material  was  a  dark 
porous  sound  proofing  foam.  It  was  located  on  all  four  sides  inside  the 
heating  duct  that  directs  the  conditioned  air  Into  the  shelter.  No  other 
materials  observed  Inside  the  shelter  appeared  to  be  potential  candidates 
for  further  consideration. 

The  Inspection  of  the  PATRIOT  Heater/Air  Conditioner,  Unit  A 
(SN  81013),  revealed  several  operating  conditions  that  were  unusual. 
First,  the  drain  for  the  ,~iater  box  was  closed,  allowing  water  to 
accumulate  In  the  box  and  soak  into  the  black  foair.  This  accumulated 
water  resulted  from  operation  of  the  air  conditioner,  not  the  heater. 
Before  the  test  the  drain  was  opened,  and  the  water  was  drained  out. 
Second,  during  the  visual  inspection  through  the  side  vent  (fresh  air 
make-up  duct),  Yersar  and  YSE  personnel  observed  that  two  materials  in 
the  heater  box  had  been  damaged.  The  first  material  was  the  tygon 
(R-3603)  tubing  used  for  the  drain  from  the  air  conditioning  unit  through 
the  heater  box  to  the  outside.  The  tygon  tube  Is  3/8"  ID,  5/8"  CD,  3" 
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long,  clamped  at  either  end  with  standard  hose  clamps.  At  the  tine  of 
the  Inspection  this  tubing  was  charred  and  deformed  (damage  affected 
approximately  301  of  the  surface  area).  It  was  therefore  removed  for 
visual  Inspection.  This  tubing  was  not  placed  back  Into  the  unit  during 
testing,  nor  was  a  section  of  replacement  drain  tubing  installed.  The 
second  material  in  the  heater  box  that  appeared  damaged  was  six  (6) 
teflon  grommets  that  are  used  to  Insulate  the  right  end  of  the  heater  rod 
from  the  metal  holder.  The  grommets  were  melted.  There  were  several 
small  deposits  of  molten  teflon  on  the  bottom  of  the  box.  All  other 
visual  features  appeared  normal,  with  the  black  foam  properly  shielded 
from  the  heater  rods  with  reflective  aluminum.  It  appears  that  during 
previous  operations,  the  heater  box  became  hot  enough  to  damage  the  drain 
tubing  and  the  teflon  groomets. 

An  extensive  Inspection  of  the  PATRIOT  Heater/Air  Conditioner, 
Unit  B  (SR  801198),  was  conducted  at  VSE's  facility  In  Alexandria, 
Virginia  during  the  week  of  August  9,  1982.  A  brief  visual  Inspection  at 
Fort  Bliss  revealed  no  apparent  problems,  and  all  materials  were 
Installed  as  specified. 

3.2.3  Summary  of  Monitoring  Operations 

Inspection  and  testing  of  the  PATRIOT  Heater/Air  Conditioners 
were  conducted  by  Yersar  personnel  on  August  23  -  26,  1982.  The  Phase  1 
test  was  the  physical  Inspection  of  the  two  units  prior  to  operation. 
The  air  sampling  tests  were  conducted  In  two  phases  which  were  designated 
?s  "’base  2  and  Phase  3.  Two  Heater/Air  Conditioners,  labelled  A  and  B, 
were  tested. 

Phase  2  sample  collection  was  made  up  of  two  2-hour  sample  sets 
Inside  the  CRG  when  Unit  A  was  operating  with  the  heater  off  in  the  air 
conditioning  mode.  Similar  sample  sets  were  also  collected  from  the 
outside  air  to  determine  ambient  baseline  conditions.  Phase  3  reauired 
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the  collection  of  four  1-tour  staple  sets  Inside  tto  CRG  with  first  Unit 
A,  end  then  Unit  B,  Installed  and  operating  In  the  high  heat  aode. 
Outside  air  staple  sets  were  also  collected  during  Phase  3. 

During  Phase  2  and  3  tests,  wake-up  air  was  drawn  through  the 
Heater/Air  Conditioner.  It  Is  believed  that  slallar  operating  conditions 
were  eaployed  during  the  April,  1982  Incident.  One  of  four  covers  was 
removed  from  the  chemical /biological  filter  Intake.  During  all  tests  for 
chemical  Irritants,  this  cover  reaalned  off. 

During  Phase  3  stapling  both  Units  A  and  B  were  operated  with 
the  aaln  switch  on  high  heat  and  the  thermostat  set  at  the  highest  heat 
setting.  In  some  previous  experiments  the  over-temperature  switch  and 
the  thermostat  had  been  bypassed.  In  this  aode  the  heater  operated  with 
all  15  heater  rods  on  continuously.  This  was  not  done  In  this  sampling 
for  the  following  reasons.  First,  the  high  ambient  air  temperatures  at 
Fort  811ss  (55  to  80*F)  were  not  characteristic  of  temperatures 
encountered  during  winter  months  when  the  heaters  will  actually  be  used. 
The  high  temperatures  that  would  be  achieved  could  damage  the  heater 
unit,  and  the  results  would  not  be  representative  of  typical  operating 
conditions.  The  second  and  more  important  reason  for  not  bypassing  the 
controls  was  the  desire  to  maintain  temperatures  In  the  CRG  which  would 
allow  ti.e  sampling  to  proceed.  Temperatures  over  130*F  could  have 
damaged  either  the  sampling  media  or  the  sampling  equipment.  These 
temperatures  would  also  have  driven  the  sampling  personnel  out  of  the 
CRG.  Yersar  sampling  personnel  were  assured  by  Mr.  Robert  Sherfy  (YSE) 
that  when  the  heater  Is  set  In  the  high  heat  mode,  approximately  50t  of 
the  heater  rods  are  on  under  all  conditions.  The  unit,  therefore,  was 
always  exposed  to  heated  conditions.  Temperature  data  collected  at  the 
exhaust  of  the  heater  Indicated  that  some  percentage  of  the  heater  rods 
were  on  at  all  times  during  the  sampling. 
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Post-testing  Inspections  revealed  no  significant  changes  to 
either  Unit  A  or  B.  Unit  B  (SM  801198)  remained  In  position  on  the  CRG 
after  Versar  concluded  testing.  Unit  A  (SM  81013)  was  for  shipment  back 
to  VS£  In  Alexandria,  Virginia  for  additional  Inspections  to  be  conducted 
by  VSE  personnel. 


3.2.4  Sample  Collection  Equipment  and  Preparation 

The  following  list  represents  the  equipment  used  to  collect  the 
first-hour  sample  sets  during  each  of  the  three  tests: 

9  Porapak  M  tubes  (3  were  field  blanks) 

9  Charcoal  tubes  (3  were  field  blanks) 

1  COj  dosimeter  tube 

2  Midget  Implngers,  standard 

10  Midget  Implngers,  fritted 
8  Liquid  traps 

8  High  flow  sampling  pumps 
4  Electric  vacuum  pumps 
1  Low  flow  sample  pump 
4  Three-tube  oanl folds 
12  Sample  bottles 

80  ml  It  sodium  bisulfite  (NaHS03)  stock  solution 

30  ml  0.1M  sodium  hydroxide  (MaOH)  stock  solution 

30  ml  1:100  hydrochloric  acid  -  1soprop*nol  stock  solution 

1  Carbon  Monoxide  monitor 

Cooling  manifolds  and  Ice 

Tygon  tubl ng 

Before  collecting  the  first  sample  set,  the  Implngers  were 
cleaned  according  to  the  following  procedure: 

a)  Wash  with  mild  detergent 

b)  Rinse  wl th  water 

c)  Rinse  with  1:1  nitric  acid 

d)  Rinse  six  times  with  deionized  water 

e)  Shake  out  excess  water 

In  the  field,  the  Implngers  were  cleaned  between  samollng  sets  by  first 
rinsing  with  deionized  water  and  then  rinsing  with  the  particular 
solution  to  be  used  In  the  Imping er. 
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3.2. S  Phase  2:  Character! ration  of  the  CR6 

The  purpose  of  the  Phase  2  test  was  to  verify  that  none  of  the 
target  parameters  were  present  Inside  the  CR6  when  the  Heater/Air 
Conditioner  was  operating  In  other  than  the  high  heat  mode.  For  this 
test,  the  unit  Installed  on  the  CRG  (Unit  A)  was  operated  with  the  air 
conditioner  compressor  and  fan  on  but  the  heater  off.  Two  2-hour  sample 
sets  were  scheduled  to  be  collected  Inside  the  CRG  and  two  corresponding 
2-hour  sets  were  collected  outside.  Each  sample  set  utilized  the 
following  trapping  media  under  the  specified  conditions: 

Charcoal  -  3  charcoal  tubes  (400  mg  front  section;  200  mg 
break-through  section  SXC  catalogue  No.  226-09}  were  connected 
In  parallel,  using  tygon  tubing,  to  an  electric  vacuum  pump.  A 
needle  valve.  Installed  at  the  pinp  Inlet,  was  used  to  adjust 
the  air  sampling  rate  to  approximately  250  ml/urin  for  each 

tube.  Cooling  manifolds  were  used  to  cool  the  tubes  to 
approximately  50*F.  The  charcoal  tubes  were  activated  and 
sealed  at  the  factory. 

Porapak  N  -  3  Porapak  tubes  (18  cm  x  6  a*  00  glass  packed  with 
6  cm  of  Porapak  N)  were  connected  In  parallel,  using  tygon 

tubing,  to  an  electric  vacuum  pump.  A  needle  valve.  Installed 
at  the  pump  Inlet,  was  used  to  adjust  the  air  sampling  rate  to 
approximately  100  ml /bln  for  each  tube.  Cooling  manifolds  were 
used  to  cool  the  tubes  to  approximately  50*F.  Prior  to  use, 

the  Porapak  tubes  were  pre-conditioned  at  190*  with  a  helium 
(99.999%)  flow  rate  of  5  wl/mln  for  12  hours  and  sealed  In  the 
Yersar  laboratories. 

Sodium  Bisulfite  (NaHSOj)  -  2  sampling  trains  were  used  per 

set.  Each  train  consisted  of  2  midget  fritted  Inplngers,  each 
containing  10  ml  of  1%  NaHS03  solution,  connected  In  series 

to  a  high  flow  sampling  pump.  The  sampling  pumps  were 

calibrated  to  draw  air  through  the  Implngers  at  the  rate  of  1.0 
llter/mln. 

Sodium  Hydroxide  (NaOK)  -  One  standard  midget  Implnger, 

containing  1 5  ml  of  0.1M  NaOH,  was  connected  to  a  high  flow 

sa/npllng  pump.  The  pump  was  calibrated  to  draw  air  through  the 
Implnger  at  the  rate  of  1.0  llter/mln. 
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Acidified  Isopropanol  -  One  fritted  midget  Implnger,  containing 
15  al  of  1:100  fydrochlorlc  acid  -  Isopropanol  solution,  was 
connected  to  a  high  flow  sampling  pump.  The  pump  was 
calibrated  to  draw  air  through  the  implnger  at  the  rate  of  1.0 
UterArin. 

Collection  of  the  first  sample  sets  began  at  approximately  2140 
hours  MOT  on  August  24  and  continued  for  2  hours  as  scheduled. 
Collection  of  the  second  sample  sets  began  at  approximately  0020  hours 
MDT  on  August  25.  Outside  (ambient)  sampling  was  terminated  at  0050 
hours  because  of  he^vy  rain  showers.  Inside  sampling  was  terminated  at 
0140  hours,  when  power  to  the  CRG  was  lost  as  a  result  of  a  severe 
electrical  storm. 

As  each  sampling  period  ended,  the  charcoal  and  Porapak  tubes 
were  labelled  and  sealed  with  appropriate  caps  and  placed  Inside  screw 
cap  culture  tubes.  The  solution  from  each  implnger  was  poured  Into  a 
labelled  sample  bottle  and  refrigerated  at  4*C. 

Phase  2  testing  also  Included  the  collection  of  field  blanks 
during  the  first  two-hour  test.  The  following  field  blanks  were 
collected: 


3  Porapak  N  tubes 
3  Charcoal  tubes 
2  Sodium  Bisulfite  solution 
2  Sodium  Hydroxide  solution 
1  Acidified  Isopropanol  solution 

The  Porapak  M  and  charcoal  blanks  were  prepared  by  opening  the  ends  of 
the  tubes  and  then  resealing  them  with  appropriate  caps.  The  sodium 
hydroxide  and  acidified  Isoprooanol  Implnger  solution  blanks  were 
prepared  by  pouring  15  ml  of  the  appropriate  solution  into  a  clean 
Implnger  bottle  and  then  Into  a  labelled  sample  bottle.  The  sodium 
bisulfite  blanks  were  prepared  In  an  identical  manner,  except  that  10  ml 
of  solution  was  used.  All  Implnger  solution  blanks  were  then  placed  In  a 
cooler  at  4*C  and  stored  until  shipment  to  the  analytical  laboratories. 
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In  addition  to  the  above  listed  sampling  activities,  a 
continuous-reading  carbon  monoxide  (CO)  analyzer  was  used  to  monitor  the 
CO  levels  both  Inside  and  outside  the  CRG.  Both  levels  remained  constant 

i 

at  approximately  0.2  ppmv.  Also,  the  air  temperature,  both  Inside  and 
outside  the  CRG,  was  recorded  every  20'  minutes.  The  Inside  air 
temperature  ranged  from  6 3*F  to  75*F  during  the  Phase  2  tests. 
Meanwhile,  the  outside  air  temperature  ranged  from  72*F  to  85*F. 

A  summary  of  all  samples  collected  during  Phase  2  testing  Is 
presented  In  Table  3-1. 

3.2.6  Phase  3:  Testing  In  the  High  Heat  Mode 

The  purpose  of  the  Phase  3  tests  was  to  determine  whether  any 
of  the  target  parameters  were  Introduced  Into  the  CRG  when  the  PATRIOT 
Heater/Air  Conditioners  were  operated  In  the  high  heat  mode.  Two 
heater/air  conditioners,  designated  Unit  A  (S H  81013)  and  Unit  8  ( SM 
801198),  were  subjected  to  Phase  3  testing. 

First,  Unit  A  was  switched  to  the  high  heat  mode.  Four 

consecutive  Inside  air  sample  sets  were  collected  for  one-hour  each,  with 

i 

the  exception  of  the  Isopropanol  sample  which  was  collected  only  during 

the  first  30  minutes  of  each  one-hour  period  (the  sampling  time  for  the 

Isopropanol  Implnger  was  reduced  from  one  hour  to  30  minutes  because  of 
evaporation  of  the  Implnger  solution).  "so,  four  outside  air  sample 
sets  were  collected,  correspondl ng  to  each  of  the  Inside  air  sample  sets, 
to  determine  If  the  outside  air  used  for  CRG  make-up  air  was  contributing 
potential  Irritants  to  the  shelter. 

I 

The  sample  collection  apparatus  was  Identical  In  both  sample 

number  and  sampling  rates  to  that  described  for  Phase  2  sampling  In 

3.2.5.  Also,  as  In  Phase  2  testing,  CO  concentration  and  temperature 
measurements,  both  Inside  and  outside  the  CRG,  were  recorded  during  the 
collection  of  each  sample  set. 
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TABLE  3-1 

SAMPLING  DESIGN  FOR  AIR  SMPLES  COLLECTED  IN  THE  CRG 
SHELTER  WITH  THE  PATRIOT  HEATER/AIR  CONDITIONER  UNIT  A 
DURING  PHASE  2  CONSISTING  OF  TWO  2-HOUR  SAMPLING  SETS 


.'-welter 

Air 

Make-up 

Air 

Blanks 

Field 

lab 

1st  Set 
Summary 

2nd  Set 
Summary 

Total 

Summary 

Porapak  N  Tubes 

3* 

3* 

3** 

3** 

12 

6 

18 

Charcoal  Tubes 

3* 

3* 

3** 

3** 

12 

6 

18 

0.1  M  NaOH 

1 

1 

— 

3 

2 

5 

11  NaHS03 

2+ 

2+ 

2+ 

— 

6 

4 

10 

Isopropanol 

1 

1 

1 

— 

3 

2 

5 

CO/CO2 

1-H- 

— 

— 

— 

_1 

l 

_2 

TOTAL  SAMPLES  37  21  58 


*  Triplicate  samples  were  collected  and  submitted  to  U.S.  AEHA  and 

Raytheon/Skinner  4  Sherman. 

**  Blank  traps  were  collected  during  the  first  sampling  set  only. 

***  A  blank  for  0.1  M  NaOH  Implnger  solution  was  collected  during  the  first 
sampling  set. 

+  Duplicate  11  NaHS03  (sodium  bisulfite)  implnger  samples  were 

collected  during  both  sampling  sets,  and  a  blank  sample  were  collected 
during  the  first  sampling  set.  These  duplicate  samples  and  blanks  were 
submitted  to  Raytheon /Skinner  4  Sherman  for  analysis  of  acrolein  using 
MIOSH  PIC AM  211  methodology. 

**  Carbon  monoxide  (CO)  was  monitored  continuously  and  carbon  dioxide  was 
monitored  using  a  dosimeter. 
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Collection  of  the  first  Unit  A  sample  sets  began  at  0310  hours 
MOT  on  August  25,  1982.  During  this  hour,  the  temperature  Inside  the  CR6 
Increased  fro*  82*F  to  101 *F,  while  the  outside  air  temperature  reached 
69*F.  The  CO  concentration  Inside  and  outside  the  CRG  shelter  was 
measured  at  0.2  ppmv.  A  full  set  of  field  blanks,  as  described  In  3.2.5, 
was  prepared  during  this  first  hour. 

Collection  of  the  second  Unit  A  sample  sets  began  at  0455 

hours.  During  this  hour,  the  temperature  Inside  the  CRG  Increased  from 
106*F  to  109*F,  while  the  outside  air  temperature  reached  72*F.  The  CO 
concentration  measured  Inside  the  CRG,  0.3  ppmv,  was  only  negligibly 
higher  than  the  outside  air  concentration  of  0.2  ppmv. 

Collection  of  the  third  Unit  A  sample  sets  began  at  0625 

hours.  Ourlng  this  hour,  the  temperature  inside  the  CRG  Increased  from 
108'F  to  118*F,  while  the  outside  air  temperature  reached  78*F.  The  CO 
concentration  Inside  the  CRG  remained  at  0.3  ppmv,  *rf»11e  the  outside  air 
concentration  continued  to  be  0.2  ppmv. 

Collection  of  the  fourth  Unit  A  sample  sets  began  at  0752 

hours.  During  this  hour,  the  temperature  Inside  the  CRG  reached  !24*F 
while  the  outside  air  temperature  reached  82*F.  Again,  the  CO 

concentration  Inside  the  CRG  remained  only  negligibly  higher  than  the 
outside  air  concentration.  Also  during  this  time,  additional  sets  of 
Porapak  H  and  charcoal  field  blanks  were  prepared. 

After  the  fourth  Unit  A  sample  sets  were  completed.  Unit  A  was 
removed  and  replaced  with  Unit  8.  Unit  8  was  then  subjected  to  the  same 
tests  as  those  performed  on  Unit  A.  Again,  all  samples  were  collected 
for  one-hour,  with  the  exception  of  the  fsopropanol  implnger,  which  was 
collected  for  30  minutes. 

Collection  of  the  first  Unit  8  sample  sets  began  at  2133  hours 
MDT  on  August  25,  1982.  During  this  hour,  the  temperature  Inside  the  CRG 
Increased  from  72*F  to  109*F,  while  the  outside  air  temperature  reached 
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72*F.  The  CO  concentration  inside  the  CR6  was  equal  to  the  outside  air 
concentration  of  0.2  ppav.  Also  during  this  hour,  a  full  set  of  field 
blanks  was  prepared. 

Collection  of  the  second  Unit  B  sample  sets  began  at  23C7 

hours.  During  this  hour,  the  temperature  Inside  the  CSS  Increased  from 
112*F  to  120*F,  while  the  outside  air  temperature  reached  74*F.  The  CO 
concentration  Inside  the  CSS  was  again  equal  to  the  outside  air 
concentration  of  0.2  ppmv. 

Collection  of  the  third  Unit  B  sample  sets  began  at  0043  hours 
on  August  26.  During  this  hour,  the  temperature  Inside  the  CBS  Increased 
from  118*F  to  124*F,  while  the  outside  air  temperature  reached  74*F.  The 
CO  concentration  Inside  the  CBS  remained  equal  to  the  outside  air 

concentration  of  0.2  ppmv. 

Collection  of  the  fourth  Unit  B  sample  sets  began  at  0215 

hours.  During  this  hour,  the  temperature  Inside  the  CSS  Increased  from 

124*F  to  128*F,  while  the  outside  air  temperature  decreased  to  72*F.  The 
CO  concentration  Inside  the  CRG  remained  equal  to  the  outside  air 

concentration  of  0.2  ppmv.  Also  during  this  hour,  additional  Porapak  N 
and  charcoal  field  blanks  w«re  prepared.  A  summary  of  samples  collected 
from  each  unit  Is  presented  In  Table  3.2. 

In  addition  to  the  sampling  techniques  used  in  the  Phase  3 

sampling  for  Unit  A,  a  long-term  color  dosimeter  tube  was  used  to  measure 
the  carbon  dioxide  (COj)  concentration  Inside  the  CRG  during  Phase  3 

testing  of  Unit  i'  (pump  failure  caused  the  dosimeter  tube  used  for  Phase 
3  Unit  A  tests  to  be  invalid).  A  sampling  pump  was  used  to  draw  air 
through  the  tube  at  the  rate  of  20  ml /min  from  2133  hours  until  0315 

hours  (342  min).  The  tube  Indicated  that,  during  that  period,  the 
average  C02  concentration  Inside  the  CRG  was  591  ppmv. 


8 


3-13 


yj-x  ess©  tsm  <2*3  m  era 


Vcrsar. 


S 

I 

I 


8 


TABLE  3-2 

SAMPLING  DESIGN  FOR  AIR  SAMPLES  COLLECTED  IN  THE  CRG  SHaTER 
EQUIPPED  WITH  THE  PATRIOT  HEATER/AIR  CONDITIONER  DURING  PHASE  3 
CONSISTING  OF  FOUR  1-HOUR  SAMPLING  SETS  PER  UNIT  A  AND  PER  UNIT  B 


R 

Shel  ter 

Make-up 

Blanks 

Sanpl 

es 

ts 

Air 

Air 

FleTT 

"Tab 

Hourly 

Total 

1 

Porapak  N  Tubes 

3* 

3* 

3* 

3* 

12 

33 

l 

Charcoal  Tubes 

3* 

3* 

3* 

3* 

12 

33 

0.1  M  Ha OH 

1 

1 

1** 

3 

9 

11  NaHS03 

2+ 

2+ 

2+ 

— 

6 

18 

Isopropanol 

1 

1 

1** 

— 

3 

9 

K 

C0/C02 

1++ 

— 

-- 

— 

_1 

_4 

am 

TOTAL  SAMPLES 

37 

106 

r. 

>. 
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*  Triplicate  samples  and  blank  traps  were  collected  and  submitted  to 
U.S.  AEHA  and  Raytheon/Skinner  i  Sherman.  Field  blanks  were 
collected  only  during  sampling  sets  1  and  4;  lab  olanks  were 
submitted  only  for  sampling  set  1. 

**  A  field  blank  for  these  samples  was  collected  during  the  first 

sampling  set  only. 

+  Duplicate  11  NaHS03  (sodium  bisulfite)  Implnger  samples  and  field 

blanks  were  collected  and  submitted  to  Raytheon /Skinner  S  Sherman 
for  analysis  of  acrolein  using  MIOSH  PSCAM  211  methodology.  Field 
blanks  were  only  collected  during  the  first  samnllng  set. 

♦+  Carbon  monoxide  (CO)  was  monitored  continuously  and  carbon  dioxide 
was  monitored  using  a  dosimeter. 
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3.2.7  Sample  Distribution 

After  samples  were  collected,  they  were  prepared  for  shipment 
to  Raytheon /Skinner  A  Sherman,  U.S.  Army  Envi  ronoental  Hygiene  Agency, 
and  Yersar  Laboratories.  Samples  were  shipped  via  Federal  Express  to  the 
respective  laboratories.  Shipments  containing  iaplnger  solutions 
contained  Ice  packs  to  maintain  the  samples  at  4*C. 

The  laboratories  received  the  samples  Indicated  In  Tables  3-3, 
3-4,  and  3-5,  with  the  exception  of  the  laboratory  blanks.  The 
laboratory  blanks  were  shipped  directly  from  the  Yersar  Laboratory. 
Chaln-of-  custody  records,  listing  the  enclosed  samples,  were  Included 
wlih  each  shipment.  Chain -of -custody  forms  are  presented  In  Appendix  Y. 

3.3  Analysis  of  Target  Parameters 

3.3.1  Acrolein  In  Air 

Acrolein  In  air  was  determined  on  site  using  MIOSH  Method  PSCAM 
211.  Two  midget  Implngers  cooled  to  4#C  and  connected  In  series,  each 
containing  10  ml  of  15  sodium  bisulfite  (MaHSO^)  solution,  were  used  to 
collect  air  samples  for  acrolein  determinations.  A  sampling  rate  of 
approximately  1  llter/mln  for  approximately  one-hour  provided  a  detection 
limit  of  0.C5  mg  acroleln/m^  In  a  sample  volmne  of  53  liters  of  air. 
Mo  acrolein  was  found  In  samples  collected  at  Fort  Bliss,  Texas.  Two 
samples,  each  spiked  at  0.24  mg  acroleln/m-,  gave  985  and  965  spike 
recoveries  respectl vely.  The  data  are  presented  In  Table  3-6. 

3.3.2  Formaldehyde  In  Air 

Formaldehyde  In  air  samples  were  collected  and  analyzed 
following  MIOSH  Method  P4CAM  125.  Two  midget  Implngers  cooled  to  4"C  and 
connected  In  series,  each  containing  10  ml  of  15  sodium  bisulfite 
(MaHSOj)  solution,  were  used  to  collect  air  samples  for  formaldehyde 
determinations.  An  air  voliane  of  53  liters  provided  a  detection  limit  of 


x-u 

3-15 

& 


££$■  co  co*  co  &z3  «sa  iss  G&s  89 


Vcnar, 


l 

TABLE  3-3 

i 

}  SAMPLES  SUBMITTED  TO  RAYTHEOM/SX INNER  4  SHERMAN 

COLLECTED  FROM  TESTS  CONDUCTED  IN  THE  CRS  SHELTER 
»  MITH  THE  PATRIOT  HEATER/AIR  CONDITIONER  DURING 

1  PHASES  TWO  AND  THREE 


! 

Shel ter 

Air 

Make-up 

Air 

Blanks 

Field  Lab 

Total 

Summary 

! 

Phase  2  (SN  81013) 

| 

Porapak  N  Tubes 

2 

2 

1  1 

6 

Charcoal  Tubes 

2 

2 

1  1 

6 

» 

1 

11  NaHS03 

2 

2 

1 

_5 

TOTAL  SAMPLES 

17 

{ 

\ 

i 

Phase  3  (SN  81013  4  801198) 

( 

Porapck  N  Tubes 

8 

8 

4  2 

22 

Charcoal  Tubes 

8 

8 

4  2 

22 

i 

H  NaHS03 

8 

8 

2 

18 

TOTAL  SAMPLES 

62 

f 


I 
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TABLE  3-4 


SAMPLES  SUBMITTED  TO  U.S  ARMY  ENVIRONMENTAL  HYGIENE  AGENCY 
COLLECTED  FROM  TESTS  CONDUCTED  IN  THE  CRS  SHELTER 
WITH  THE  PATRIOT  HEATER/AIR  CONDITIONER  DURING 
PHASES  TWO  AND  THREE 


Shelter  Make-up 

Air  Air 

Phase  2  (SN  81013) 

Porapak  N  Tubes  2  2 

Charcoal  Tubes  2  2 


Phase  3  (Sti  31013  S,  801198) 

| 

Porapak  N  tubes  8 

Charcoal  Tubes  8 


8 

8 


Blanks  Total 

Field  Lab  Summary 


11  6 
1  1  _6 
TOTAL  SAMPLES  12 


4  2 

4  2 

TOTAL  SAMPLES 


22 

22 

44 


K-hZ 
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TABLE  3-5 

SAMPLES  SUBMITTED  TO  THE  YERSAR  LABORATORY 
COLLECTED  FROM  TESTS  CONDUCTED  IN  THE  CRS  SHELTER 
WITH  THE  PATRIOT  HEATER/A.  IR  CONDITIONER  DURINS 
PHASES  TaO  AND  THREE 


Shelter 

Make-up 

Blanks 

Total 

Air  ■ 

Air 

FlefiTTab 

Summary 

Phase  2  (SN  81013) 


Porapak  N  Tubes 

2 

2 

1  1 

6 

Charcoal  Tubes 

2 

2 

1  1 

6 

0.1  M  NaOH 

2 

2 

1  — 

5 

IS  NaHS03 

2 

2 

1 

5 

Isopropanoi 

2 

2 

1 

5 

TOTAL  SAMPLES 

27 

Phase  3  (SN  81013  A  801198) 

Porapak  N  Tubes 

8 

8 

4 

2 

22 

Charcoal  Tubes 

8 

8 

4 

2 

22 

0.1  M  NaOH 

8 

8 

2 

— 

18 

U  NaHS03 

8 

8 

2 

— 

18 

Isopropanol 

3 

8 

2 

— 

18 

TOTAL  SAMPLES 

98 

K-bj 
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TABLE  3-6 
ACROLEIN  IN  AIR 


Field  Sample  No. 

Acrolein 

(ng/nr3) 

Yoltne  of  Air 
Sampled  (liters) 

A-H-1  -B-l  Blank 

<0.  25mg/L 

... 

A-H-1 -B-l a 

<0.05 

53 

A-H-1 -8-lb 

<0.05 

53 

A-HA-2-8-1 a 

<0.05 

53 

A-HA-2-8-1  b 

<0.05 

53 

A-H-2-8-la 

<0.05 

53 

A-H-2-8-lb 

<0.05 

53 

A-HA-2-8-1  a 

<0.05 

53 

A-HA-2-8-1  b 

<0.05 

53 

A-C-l -8-1  Blank 

<0.25  mg/L 

—  - 

A-CA-1-8-la 

<0.02 

107 

A-CA-1 -8-1 b 

<0.02 

107 

A-Oi-2-8-la 

<0.09 

27 

A-CA-2-8-lb 

<0.09 

27 

A-C-l -8-la 

<0.02 

107 

A-C-l  -8-lb 

<0.02 

107 

A-C-2-8-1a 

<0.04 

71 

A-C-2-8-lb 

<0.04 

71 

A-H-3-8-la 

<0.05 

53 

A-H-3-8-1  b 

<0.05 

53 

A-HA-3-8-1  a 

<0.05 

53 

A-HA-3-8-1  b 

<0.05 

53 

A-H-4-8-la 

<0.05 

53 

A-H-4-8-1 b 

<0.05 

53 

A-HA -4-8-1  a 

<0.05 

53 

A-HA-4-B-1 b 

<0.05 

53 

8-H-l -8-1  Blank 

<0.25  mg/L 

— 

B-H-l -8-1  a 

<0.05 

53 

B-H-l -8-lb 

<0.05 

53 

8-H-2-8-1  a 

<0.05 

53 

B-H-2-8-1  b 

<0.05 

53 

B-H-3-8-1  a 

<0.05 

53 

B-H-3-8-1  b 

<0.05 

53 

B-H-4-8-1 a 

<0.05 

53 

B-H -4-8-lb 

<0.05 

53 

B-HA-1  -8-1  a 

<0.05 

53 

B-HA-1  -8-1  b 

<0.05 

53 

8-HA-2-B-1 a 

<0.05 

53 

B-HA-2-8-lb 

<0.05 

53 

B-HA-3-B-1 a 

<0.05 

53 

B-HA-3-8-1  b 

<0.05 

53 

8-HA-4-8-1 a 

<Q.05 

53 

B-HA-4-8-1 b 

<0.05 

X-  10 
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0.05  ag  foroaldehyde/a3.  As  shown  fn  Table  3-7,  tries  levels  of 
formaldehyde  were  detected  both  Inside  md  outside  the  C26  shelter  during 
various  collection  episodes.  The  levels  are  consistently  less  then  1/15 
of  the  TLY  of  3.0  ag  foraalderyde/a3.  Spike  recoveries  of  60J  end  301 
respectively  were  found  on  two  seaples  spiked  et  0.5  ag  formaldehyde /a''. 

3.3.3  Cyanide  In  Air 

Cyanide  as  hydrogen  cyanide  was  collected  following  NIOSH 
Method  Pi CAM  116  using  aldget  laplngers  containing  15  al  of  0.1  M  sodium 
hydroxide  (MaOH).  Air  was  drawn  through  the  laplnger  at  a  rate  of 
approximately  1  liter  per  minute  for  approxlaately  one-hour.  The  samples 
and  controls  were  stored  at  4*C  In  a  refrigerator  prior  to  analysis.  A 
potentlometric  deterarf natl on  of  cyanide  In  samples  and  controls  showed  no 
cyanide  to  be  present  at  levels  above  the  detection  Halt.  A  recovery  of 
100S  was  obtained  for  a  spike  of  0.06  ag  C*“/a3  on  sample  A-H-3-H-1. 
The  data  are  presented  In  Table  3-6.  The  TLY  for  cyanide  Is  7  ag/a3, 
so  the  levels  were  less  than  the  TLY  by  more  than  a  factor  of  100. 

3.3.4  Amines  In  Air 

Primary  and  secondary  amines  In  air  were  determined  using  APHA 
Method  124  -  Tentative  Method  of  Analysis  for  Primary  and  Secondary 
Amines  In  the  Atmosphere  {hlnhydrfn  Method).  Air  samples  were  collected 
using  aldget  laplngers  containing  10  ml  of  acidified  Isopropanol.  The 
absorbing  solution  was  reacted  with  nlnhydrfn  {1 ,2, j-trfka tohydrlndene). 
Primary  and  secondary  amines  produce  a  purple  complex  whose  absorbance  Is 
read  at  575  nm  and  compared  to  a  calibration  curve  prepared  from 
n-butylamlne  standards.  All  samples,  excluding  blanks,  collected  at  Fort 
Bliss,  Texas  failed  to  develop  a  color  response  after  the  addition  of  the 
nlnhydrln.  The  blanks,  as  expected,  developed  a  normal  color  response. 
A  chemical  Interference  of  an  unknown  nature  Inhibited  color  development 
In  all  samples  collected  Inside  and  outside  the  CRG  shelter.  Spiked  CRG 


k  -V 
3-20 


TABLE  3- 


Fleld  Stable  No. 


A-H-l -8-1  Blank 
A-H-1 -8-1 A 
A-H-l -8-18 
A-H-2-8-1 A 
A-H-2-8-1 8 
A-H-3-8-1 A 
A- H -4- 8-1 A 
A-HA-1  -8-1 A 
A-HA-1 -8-18 
A -HA- 2 -8-1 A 
A-HA-2-8-18 
A-HA-3-8-1 A 
A -HA -4-8-1 A 
A-C-l -8-1  Blank 
A-C-1 -8-1 A 
A-C-l -8-18 
A-C-2-8-1 A 
A-CA-1 -8-1 A 
A-CA-2-8-1A 
B-H-l-8-1  Blank 
3-H-l -8-1 A 
3-H-l -8-18 
8-H-2-8-1A 
B-H-2-8-18 
8-H-3-8-1A 
8-H-3-8-18 
8-H-4-8-1 A 
B-H-4-8-18 
8-HA-l -8-1 A 
8-HA-l -8-1B 
8-HA-2-8-1A 
8-HA-2-8-1 8 
8-HA-3-8-1A 
8-HA-3-8-1 B 
B-HA-4-8-1 A 
B-HA -4-3-1 8 


FORMALDEHYDE  IN  AIR 


ForealdeHyde  Voltaw  of  Air 

(ag/a3)  Saaplad  (liters) 


<0.25  ag/L 

<0.05 

53 

<0.05 

53 

<0.05 

53 

<0.05 

53 

<0.05 

53 

0.09 

53 

<0.05 

S3 

<0.05 

53 

<0.05 

53 

0.09 

53 

<0.05 

53 

0.09 

53 

<0.25  mg/L 

— 

<0.02 

107 

<0.02 

107 

<0.04 

71 

<0.02 

107 

<0.09 

27 

<0.25  mg/L 

«*«•*» 

0.09 

53 

0.05 

53 

0.05 

53 

0.05 

S3 

<0.05 

53 

<0.05 

53 

<0.05 

53 

0.09 

53 

<0.05 

53 

<0.05 

53 

0.19 

53 

<0.05 

53 

0.05 

53 

<0.05 

53 

<0.0S 

53 

<0.05 

53 

A'-  73- 
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TABLE  3-8 
CYANIDE  IN  AIR 


Cyanide 

'■'leld  Sanple  No.  (ag/a^) 


Yoluae  of  Air 
Saopled  (liters) 


A-C-1-H-1  Blank 

<0.1  agA 

A-C-1-H-1 

<0.01 

107 

A-C-2-H-1 

<0.02 

71 

A-CA-1 -H-1 

<0.01 

107 

A-CA-2-H-1 

<0.06 

27 

A-H-l-H-1  Blank 

<0.1  agA 

A-H-1 -H-l 

<0.03 

53 

A-H-2-H-1 

<0.03 

53 

A-H-3-H-1 

<0.03 

53 

A-H-4-H-1 

<0.03 

53 

A-HA-1 -H-l 

<0.03 

53 

A-HA-2-H-1 

<0.03 

53 

A-HA-3-H-1 

<0.03 

53 

A-HA-4-H-1 

<0.03 

53 

B-H-l-H-1  Blank 

<0.1  agA 

... 

B-H-l-H-1 

<0.03 

53 

B-H-2-H-1 

<0.03 

S3 

8-H-3-H-1 

<0.03 

53 

B-H-4-H-1 

<0.03 

53 

8-HA-l -H-1 

<0.03 

53 

B-HA-2-H-1 

<0.03 

53 

B-HA-3-H-1 

<0.03 

53 

B-HA-4-H-1 

<0.03 

53 

Vfersar. 


sample  Absorbing  solutions  Also  f Ailed  to  give  the  expected  color 
development.  M-Butyl amine  ms  Added  to  CRS  sample  Absorbing  solutions 
After  collection  but  prior  to  color  development.  Spike  levels  were  3.7 
mg  n-butylamlne/fc3  end  spike  recoveries  were  zero.  A  detection  limit 
of  0.8  mg  n-butylamlne/ta3  In  a  27  liter  eir  sample  ms  provided.  The 
data  are  presented  In  Table  3-9. 

Control  samples  at  the  Versar  Laboratories  in  Springfield, 
Virginia,  wen  handled  to  duplicate  the  field  sampling  effort  In  order  to 
determine  If  the  sampling  methodology  Itself  caused  the  chemical 
Interfennce.  Analysis  of  the  controls  showed  no  color  Inhibition  as 
experienced  with  the  samples  collected  In  El  Paso,  Texas.  Figure  3.2  Is 
a  picture  of  the  solutions  after  color  development  In  Fort  Bliss.  The 
dark  tubes  on  the  right  are  the  blanks  which  developed  the  blue  color. 
The  remaining  tubes  an  the  samples  which  did  not  develop  the  blue  color. 

3.3.S  Hydrogen  Chloride  In  Air 

The  samples  for  hydrogen  chloride  In  air  used  the  same  Implnger 
solutions  as  the  determinations  of  cyanide  in  air.  Approximately  60 
liters  of  air  wen  drawn  through  a  midget  Implnger  containing  15  ml  of 
0.1  H  sodium  hydroxide  (HaOH).  The  chloride  Ion  levels  wen  measured 
potentlometrlcally.  The  nsults  an  pnsented  In  Table  3-10.  Chloride 
ms  detected  In  all  of  the  samples  at  concentrations  near  ♦*■'*  *f  the 
blank.  The  chloride  In  the  blank  Is  probably  due  to  trace  impurities  In 
the  reagent  grade  MatOCI  used  In  the  Implnger  solutions.  Even  without 
adjusting  for  the  error  Introduced  by  the  blank,  all  of  the  values 
reported  an  at  least  3.5  times  less  than  the  TLY  of  7  mg/m  .  Most 
measurements  an  less  than  the  TLY  by  a  factor  gnater  than  10.  The 
results  Indicate  that  hydrogen  chloride  released  from  the  PATRIOT 
Heater/Air  Conditioners  does  not  pnsent  a  hazard  to  personnel  working  In 
the  CRG. 
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TABU  3-9 
AMINES  IN  AIR 


Field  Saaplo  No. 
(liters) 

Aalnes 

(■g/iH) 

Voluac  of  Air 
Stapled 

A-C-l-I-1  Blank 

<2.  ag/t 

««•«» 

A-C -1-1-1 

Cl 

107 

A-C-2-I-1 

Cl 

71 

A-CA-l-I-1 

Cl 

107 

A-CA-2-I-1 

Cl 

13 

A-H-A-I-l  Blank 

<2.  ag/L 

... 

A-H-l-I-1 

Cl 

27 

A-H-2-I-1 

Cl 

27 

A-H-3-I-1 

Cl 

27 

A-H -4-1-1 

Cl 

27 

A-HA-I-1 

Cl 

27 

A-HA -1-1-1 

Cl 

27 

A-HA-8-I-1 

Cl 

27 

A-HA -4-1-1 

Cl 

27 

8-H-1-I-1  Blank 

<2.  »g/l 

... 

B-H-1-I-1 

Cl 

27 

8-H-2-1-1 

Cl 

27 

B-H-3-I-1 

Cl 

27 

8-H-4-I-1 

Cl 

27 

B-HA-1 -1-1 

Cl 

27 

8-HA-2-I-1 

Cl 

27 

8 -HA -3-1-1 

Cl 

27 

8-HA -4-1-1 

Cl 

27 

Cl  ■  Cbealcal  Interference 


% 


x-7r 
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FIGURE  3.2 

Interference  in  Arfrws  Analysis  at  Fort  Bliss 
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RESULTS  OF  SAMPLES  FOR 
HYDROGEM  CHLORIDE  IM  AIR 


Lab  Sample  Mo. 

Field  Sample  No 

3705 

A-C-l-H-1 -81k 

3706 

A-C-1-H-1 

3707 

A-C-2-H-1 

3708 

A-CA-l-H-1 

3709 

A-CA-2-H-1 

3710 

A-H-l -H-1 -81 k 

3711 

A-H-1-H-1 

3712 

A-H-2-H1 

3713 

A-H-3-H-1 

3714 

A-H-4-H-1 

3715 

A-HA-1 -H-1 

3716 

A-HA-2-H-1 

3717 

A-HA-3-H-1 

3718 

A -HA -4 -H-1 

3719 

B-H-1 -H-1 -81k 

372o 

B-H-1-H-1 

3721 

B-H-2— H-1 

3722 

B-H-3-H-1 

3723 

8-H-4-H-1 

3724 

8-HA-l -H-1 

3725 

B-HA-2-H-1 

3726 

8 -HA- 3 -H-1 

3727 

B-HA-4-H-1 

3713  Oup 
3713  Spike 

■ 

o 

• 

Volume  of  Air 
Sampled  (liter*) 

Chloride 

(mg/m3) 

106.79 

0.98 

53.39 

1.1 

71.19 

0.42 

106.79 

0.42 

26.70 

1.1 

53.39 

0.56 

53.39 

0.28 

53.39 

0.56 

53.39 

2.0 

53.39 

0.84 

53.39 

0.56 

53.39 

1.1 

53.39 

0.28 

53.39 

0.28 

53.39 

0.28 

53.39 

0.56 

53.39 

0.28 

53.39 

0.28 

53.39 

0.28 

53.39 

0.28 

53.39 

0.28 

53.39 

0.56 

53.39 

0.14 

53.39 

2.52 

TOO*  Recovery 


3.3.6  Carbon  Monoxide  fn  Air 


As  Mentioned  fn  Section  3.2,  the  carbon  aonoxlde  levels  Inside 

the  CRG  were  not  elevated  to  a  significant  extent.  The  highest  levels 

3  3 

observed  were  0.3  mg/m  which  Is  less  than  the  TLY  of  55  ag/m  by  a 

factor  of  180. 


3.3.7  Carbon  Dioxide  In  Air 

The  doslawter  reading  after  the  saapllng  operation  Mentioned  In 
Section  3.2  Indicated  that  the  carbon  dioxide  levels  were  not 
significantly  elevated  In  the  CRG.  The  observed  value  of  691  ppa  Is 
approximately  7-fold  less  than  the  TLi  of  5,000  ppm. 


3.3.8  Charcoal  Tu Analysis  for  Organic  Contaminants 

Samples  were  standard  charcoal  tubes  (SXC  Catalogue  No. 
2236-09).  The  fronts  and  backs  were  placed  Into  separate  screw  cap  vials 
fitted  with  teflon  lined  septa. 

On  the  day  of  analysis  3  ml  CSj  added  to  the  vials  and 
gently  agitated.  After  30  minutes  1  ml  was  placed  Into  an  Injection  vial 
and  spiked  with  10  ul  2  mg/ml  d-10  anthracene.  Injection  volumes  were  2 
ul  using  the  solvent  flush  technique. 


Capillary  GC/FID  was  used  to  screen  the  extracts  before 
possible  GC/MS  analysis. 

GC  Conditions 


Instrument 

Column 

Injector 
Inlet  Vent 

Temps:  Inlet 

Detector 

Oven 

Gases:  Carrier 
Make-up 
FID 


Varlan  3700  gas  chromatograph 

28.5  m  x  0.3  mm  ID  non-pol ar  fused  silica 

capillary 

Splltless 

Close  10  sec,  Inject,  open  after  30  sec;  60 

ml  /srin 

250*C 

30Q*C 

45*C  for  A  nri n,  10'C/mln  to  280*C,  hold  9  min 
15  psl  He 
26  ml  /ml  n  M2 

30  rl/mln  H2 ;  300ml /min  Air 


k-?? 
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Prior  to  the  days  Injections,  a  artxture  of  compounds  was 
Injected  to  serve  as  retention  tine  Barkers.  The  mixture  contained  lOppa 
each  benzene,  toluene,  ethyl  benzene,  naphthalene,  20ppo  d-10  anthracene, 
and  IQOppa  benzo(gh1)pery1ene  In  CSg. 

The  screening  criteria  was  detection  of  peaks  eluting  after 
benzene  larger  than  the  response  for  Ippa  toluene.  Extracts  that  showed 
peaks  were  reanalyzed  and.  If  confirmed  by  FID,  were  analyzed  by  SC/MS. 

The  Initial  Injection  of  each  day  showed  so*Be  large  peaks  at 
17.3  and  20.98  alnutes.  Since  the  column  was  left  at  45*0  overnight, 
these  peaks  Indicate  cold  trapping  of  lapurltles  In  the  carrier  gas. 

Table  3-11  presents  the  results  of  the  charcoal  tube  analysis. 
A  typical  chromatogram  Is  presented  In  Figure  3.3.  The  charcoal  tube 
technique  did  not  detect  any  contaal nation  In  the  air  In  the  CRG.  The 
screening  criteria  were  only  exceeded  by  three  of  the  tubes.  GO /MS 
analysis  showed  that  the  contaminant  In  these  tubes  was  toluene. 
However,  one  of  the  three  tubes  containing  toluene  was  a  saapllng  blank. 
This  Indicates  that  the  source  of  the  contamination  was  an  Intermittent 
sample  contamination  problem,  and  that  the  toluene  was  not  actually 
present  In  the  air  of  the  CRG.  Even  If  the  toluene  was  present  In  the 
CRG,  the  levels  found  Indicate  that  It  Is  of  no  concern.  The  quantities 
found  corresponded  to  230  ug/m3  In  sample  B-H-1-C-l-blk,  130  ug/ra3  In 
8-H-l-C-l ,  and  150  ug/m3  In  B-H-l-C-2.  The  highest  value  here  Is  3500 
times  less  than  the  TIY  for  toluene. 

3.3.9  Volatile  Organic  and  Aromatic  Compounds 

Air  samples  collected  on  Porapak  N  sample  tubes  were  analyzed 
by  thermal  desorption  packed  col  iron  GC/MS  procedures..  The  methodology 
used  as  a  reference  was  EPA  Method  603,  Federal  Register,  Yol .  44,  Mo. 
233,  Monday,  December  3,  1979. 
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TABLE  3-H 

VSE  HI  -  SAMPLED  AUGUST  24-26,  1982 


A  -  SN81013 
B  -  SM801198 


Sampler's  # 

lab  # 

Screen  Results /Coonents 

A-C-1-C-l-blk 

3 682 

Neg. 

A-CA-1 -C-1 

3681 

Neg. 

-2- 

3684 

Neg. 

A-C-l  -C-1 

3680 

Neg. 

-2- 

3683 

Neg. 

A-H-1 -C-1 -bl k 

3687 

Neg. 

-4- 

3694 

N/I 

A-HA-1 -C-1 

3686 

Neg. 

-2- 

3689 

N/I 

-3— 

3691 

N/I 

~4— 

3693 

Neg. 

A— H— 1 -C-1 

368S 

Neg.  GC/MS  analyzed 

-2- 

3688 

Neg. 

-3- 

3690 

Neg. 

-4- 

3692 

Neg. 

Neg.  »  No  peaks  after  benzene  larger  than  Ippn  toluene. 
N/I  -  Not  Injected 


VSE  III  -  SAMPLED  AUGUST  24-26,  1982 


Meg. 


Sampler's  0 

Lab  ! 

B-H-1-C-l-blk 

3697 

-4- 

3704 

B-HA-1 -C-1 

3696 

-2- 

3699 

-3- 

3701 

-4- 

3703 

B-H-l -C-1 

3695 

-2- 

3698 

-3- 

3700 

-4- 

3702 

Screening  Results /Comments 
Neg. 

Positive  tol uene-GC/MS  analyzed 
Neg. 

Neg. 

Neg. 

Neg. 

Positive  tol  uene-GC/MS  analyzed 
Positive  to! uene-GC/MS  analyzed 
Neg. 

Neg. 


No  peaks  after  benzene  larger  than  Ippra  toluene. 


FIGURE  3.3 

Charcoal  Tube  Chromatogram 
Sample  B-H-l-C-1 
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Prior  to  analysis  of  samples  the  SC/MS  was  calibrated  to  FC  43 
and  DFTPP.  lhe  instrument  response  factors  were  then  produced  by 
analysis  cf  standard  reference  materials.  These  internal  standard 
response  factors  were  then  used  for  quantitation  of  identified 
materials.  Unknowns  were  identified  by  library  search  using  the  EPA  N 
32000  spectra  library. 

The  Porapak  N  sample  tubes  were  spiked  with  surrogate  spikes 
prior  to  sampling.  The  surrogate  spikes  were  2.1  micrograms 
acrylonitrile  d3  and  2.6  micrograms  2-fluorobenzene  d5.  These  surrogate 
spikes  were  used  to  monitor  the  retention  capability  of  the  Porapak  N. 

Upon  analysis  the  sample  tubes  were  spiked  with  1.2  microgranjs 
of  benzene  d6  as  an  Internal  standard.  The  sample  tubes  were  assembled 
in  the  desorption  unit  and  purged  of  air  with  helium.  The  sample  was 

I 

then  heated  to  180*C  for  eight  minutes  and  injected  onto  a  Chromosorb  101 
6  foot  glass  column  at  80*C.  After  injection  the  GC  oven  was  programmed 
to  225*C  at  14*  per  minute  and  the  sample  chromatographed  into  the  mas!s 
spectrometer.  The  mass  spectrometer  parameters  were  as  follows: 


Scan  Range 
Scan  Rate 
Electron  Impact 


20  -  450  AMU 
2.95  seconds/scan 
70  ev 


One  large  early  eluting  peak  was  present  in  all  of  the  samples 
collected  both  inside  and  outside  the  CP,G.  It  was  not  present  in  the 
blank.  Since  the  peak  was  present  in  samples  collected  both  inside  and 
outside  the  CRG,  there  apparently  Is  a  contaminant  present  In  the  ambient 
air  at  Fort  Bliss,  Texas.  The  spectrum  of  this  peak  Is  presented  In 
Figure  3.4.  The  spectrum  could  not  be  Identified  using  either  computer 
searches  or  manual  interpretation.  This  suggests  that  the  peak  ijs 
actually  a  mixture  of  compounds.  Since  the  leak  is  not  produced  by  the 
PATRIOT  Heater/Air  Conditioners  or  the  CRG,  it  Is  of  no  concern  to  this 
Investl gatlon. 
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The  peak  was  typically  present  In  higher  concentrations  in  the 
inside  of  the  CRG.  Tl.is,  however,  is  not  surprising.  All  of  the 

surfaces  in  the  Heater/Air  Conditioners  and  in  the  CRG  have  probably  been 
exposed  to  this  contaminant  most  of  the  time  they  have  been  at  Fort 

Bliss.  During  the  tests  the  Heater/Air  Conditioner  and  the  CRG  were 

heated  to  the  highest  tempera tures  they  have  been  at  in  months.  It  Is 
highly  plausible  that  this  would  cause  a  release  of  contaminants  which 
had  been  accumulated  from  the  air. 

Small  amounts  of  some  aromatic  compounds  were  found  In  the 

CRG.  Benzene  was  found  at  concentrations  near  the  detection  limit  for 
the  method.  Small  amounts  were  also  present  in  the  blanks.  The  highest 
concentratl on  of  benzene  was  found  in  the  first  hour  sample  from  unit  A 
In  the  cooling  cycle  (sample  A-C-l-P-1).  The  concentration  in  this 
sample  corresponded  to  an  airborne  benzene  concentration  of  0.07 
mg/ra"3.  This  is  over  400  times  less  than  the  T1.V  for  benzene. 

Toluene  was  also  found  in  low  concentrations  in  certain 
samples.  Toluene  was  not  present  in  the  blanks.  The  highest 
concentratl  on  was  found  in  the  sample  from  unit  B,  hour  4  in  the  heating 
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mode  (sample  B-H-4-P-1).  The  concentration  found  was  0.46  mg/m  .  This 
is  over  800  times  less  than  the  TLY  o*  375  mg/m^.  The  data  for  ben:  ,ne 
and  toluene  are  presented  in  Table  3-12. 

A  number  of  compounds  other  than  benzene  and  toluene  were  also 
identified  in  the  Porapak  N  tubes.  The  compounds  are  listed  in  Table 
3-13.  These  compounds  were  found  In  small  quantities,  and  they  all  have 
fairly  high  TlY's.  The  compounds  wr,e  fo^nd  both  inside  and  outside  the 
CRG,  so  they  are  prooably  contaminants  in  the  ambient  air  at  Fort  Bliss. 
Typical  chromatograms  for  the  samples  are  presented  in  Figures  3.5  and 
3.6. 

Acrolein  is  a  potential  contaminant  which  has  received 
considerable  attention  throughout  this  study.  We  used  mass  chromatograms 


TABLE  3-12 

AND  TOLUENE  IN  AIR  (ag/fc3) 


SAMPLE  CODE 

BENZENE 

TOLUENE 

A-H-1 -P-1  (in) 

0.04 

0.06 

A-HA-1 -P-1  (out) 

0.03 

0.015 

B-H-1  -P-1  (In) 

0.04 

0.26 

3-HA-1 -P-1  (out) 

0.06 

0.12 

A-C-1-P-1  (In) 

0.07 

0.33 

A-CA-1 -P-1  (out) 

0.04 

0.04 

A-H-4 -P-1  (in) 

0.02 

0.06 

B-H-4-P-1  (in) 

0.03 

0.46 

A-C-1-P-1  (blank) 

0.04 

NO 

MO  •  Mot  Detected. 
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TABLE  3-13 

MISCELLANEOUS  COMPOUNDS  IN  PORAPAX  TUBES 


SAMPLE  NO. 

IDENTITY 

SCAN  NO. 

A-H-1  -P-1 

MEX 

304 

A-H-l-P-1 

Methyl  cyclopentane 

318 

A-H-l-P-1 

3hh  thy  1  butanol 

375 

A-H-l-P-1 

2-wthyl  pentane 

331 

A-HA-1-P-1 

MEX 

308 

B-H-1-P-1 

*X 

307 

B-H-1-P-1 

Methyl  cyclopentane  ' 

317 

B-H-1-P-1 

Cyclohexane 

332 

B-HA-1 -P-1 

MEX 

306 

B-HA-1 -P-1 

Methyl  cyclopentane 

317 

B-HA-1 -P-1 

Cyclohexane 

332 

A-C-1-P-1 

MEX 

305 

A-C-l-P-1 

Butyl  acetate 

394 

A-C-1 -P-1 

Possibly  xylene  or  ethylbenzene 

506 

A-CA-1-P-1 

Acetic  acid 

298 

A-CA-1 -P-1 

MEX 

308 

A-CA-1 -P-1 

C6  hydrocarbon 

318 

A-H-4-P-1 

MEX 

313 

A-C-l-P-1 

Acetone 

257 

A-C-l-P-1 

Acetic  acid 

302 

HEX  ■  methyl  ethyl  ketone  (2-butanone) 
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i  zst  3M  39i  m  «9«  ym  sa 

»  12j3*  ISitt  S7i3a  2>«M  22i3*  23 nM  'If 

IS  *  Internal  Standard 

FIGOTE  3.5 

Heating  Discharge,  Inside  Air,  Unit  81013 


■  231  3 M  301  SCAM 

«  12* 3*  19*49  17x39  2ti«  22i3*  Tt* 

IS  =  Internal  Standard 


FIGUPE  3.6 

CXitside  Air,  Unit  81013 
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to  scan  tft*  data  for  the  presence  of  acrolein.  Acrolein  would  aluta 
under  the  peak  due  to  the  Fort  Bliss  contaminant  If  It  was  present.  The 
total  Ion  current  chromatogram  normally  displayed  as  SC /MS  output  would 
not  show  a  peak  for  acrolein  even  If  It  were  present.  Me  therefore  used 
computer  reconstructed  mass  chromatogrmas  to  scan  for  the  presence  of 
acrolein.  A  mass  chromatogram  plots  the  Intensity  of  one  Ion  versus  time 
while  a  total  Ion  current  chromatogram  plots  the  Intensity  of  all  Ions 
versus  time.  If  one  Ion,  characteristic  of  a  particular  compound.  Is 
absent  throughout  a  chromatogram;  then  the  compound  Is  not  present  In  the 
sample.  Acrolein  has  characteristic  Ions  at  masses  56  and  27.  A  mass 
chromatogram  for  an  acrolein  standard  containing  a  propane!  contaminant 
Is  presented  In  Figure  3.7.  The  acrolein  peak  Is  at  scan  number  250 
while  the  propanal  peck  Is  at  scan  nt*ber  258.  Both  compounds  have 
characteristic  Ions  with  masses  of  27,  so  there  Is  a  peak  for  both 
compounds  at  mass  27.  Propanal,  however,  does  not  have  a  characteristic 
Ion  with  a  mass  of  56,  so  only  acrolein  causes  a  response  at  mass  56. 
This  standard  contained  one  arferogram  of  acrolein.  The  peak  height  at 
mass  56  was  18640  counts. 

The  contaminant  present  In  Fort  Bliss  air  also  has  an  Ion  at 
mass  27  but  does  not  have  an  Ion  at  mass  56.  The  area  under  the 
contaminant  peak  was  scanned  for  the  presence  of  mass  56.  A  typical  mass 
chromatogram  for  a  sample  Is  presented  In  Figure  3.8.  It  Is  clear  from 
this  that  acrolein  Is  not  present.  The  responses  at  mass  56  are  around 
the  noise  level  of  the  Instrument.  The  highest  peak  observed  at  mass  56 
was  401  counts.  Assuming  (probably  falsely)  that  this  peak  was  due  to 
the  presence  of  acrolein,  the  calculated  amount  reaching  the  mass 
spectrometer  Is  0.022  ug.  This  corresponds  to  a  airborne  concentration 
of  0.004  mg/m3,  which  Is  a  factor  of  70  less  than  the  TLY  of  0.25 
mg/m^.  This  confirms  the  s*esults  of  Section  3.3.1,  Acrolein  In  Air. 
Mo  acrolein  was  present  In  the  air  In  the  CRG  at  Fort  Bliss. 


/r-w 

3-38 


FIGUKE  3.8 

Unknown  Fort  Bliss  Air  Mass  Oiranatogram 
SamDle  A-H-l-P-1 


All  of  the  samples  from  the  hour  one  sapling  were  analyzed. 
The  samples  taken  Inside  the  CRG  during  hour  four  for  both  unltr  were 
also  analyzed.  The  data  collected  up  to  this  point  Indicated  that  no 
useful  Information  would  cone  from  analyzing  the  remainder  of  the 
samples,  so  they  were  not  analyzed. 

The  recoveries  of  the  surrogate  spikes  were  variable.  The 
results  are  presented  In  Table  3-14.  The  blanks  had  both  been  chipped 

during  the  sampling  trip,  so  both  were  exposed  to  the  air  before 

analysis.  This  could  have  resulted  in  some  losses.  For  the  samples  the 
recoveries  of  d-3  acrylonitrile  ranged  from  01  to  56X,  while  the 
recoveries  of  fl uorobenzene  ranged  from  611  to  1G3X.  The  Inconsistent 
recoveries  could  be  due  to  variations  In  the  temperature  during  sampling, 
variations  In  the  humidity  during  sampling,  or  variations  In  the  flow 
rate  through  the  tubes  during  sampling. 

In  conclusion,  the  Porapak  N  tubes  did  not  detect  any 
significant  contamination  coming  from  the  CRG  of  the  PATRIOT  Heater/Air 
Conditioners.  Small  amounts  of  benzene  and  toluene  were  present.  The 
Porapak  N  tubes  did  detect  a  compound  (or  compounds)  present  In  fairly 

high  concentrations  In  the  ambient  air  at  Fort  Bliss. 

3.4  Conclusions 

The  samples  taken  at  Fort  Bliss  were  analyzed  for  a  broad 
spectrum  of  Irritants  and  toxic  compounds  chosen  by  the  Investigative 

Team.  Mo  Irritants  or  toxic  compounds  were  detected  In  the  CRG  at  Fort 
Bliss  at  hazardous  concentrations.  All  materials  were  found  at 
concentrations  well  below  their  Threshold  Limit  Value  (TLV).  Most  of  the 
materials  found  in  the  CRG  appeared  to  be  contaminants  present  In  the 
ambient  outside  air  at  Fort  Bliss. 

The  sampling  team  visually  Inspected  the  CRG  and  the  PATRIOT 
Heater/Air  Conditioners  at  Fort  81 1  s s .  They  found  evidence  that  unit  SN 
81013  overheated  at  some  point  In  the  past.  This  is  the  unit  which 
caused  the  original  Incident. 
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(In) 

TABLE  3-14 

RECOVERIES  OF  SPUES 

ACRYLONITRILE 

X  RECOVERED 

•  0 

FLU0R08! 
X  RE  CO) 

81 

(out) 

0 

88 

(in) 

36 

77 

(out) 

44 

99 

(in) 

0 

85 

(out) 

56 

103 

(in) 

0 

61 

(in) 

0 

94 

(blank) 

36 

75 

(blank) 

67 

137 
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4.0  VALIDATION  OF  HIOSH  NETHQO  PACAN  211  -  ACROL£I“  IN  AIR 
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The  performance  of  NIOSH  Method  PACAM  211  with  respect  to  detection 
limit  and  efficiency  of  sorption  of  acrolein  In  air  was  Investigated.  To 
determine  acrolein  In  the  atmosphere,  air  Is  drawn  through  two  midget 
laplngers  containing  11  sodium  bisulfite  (NaHSO^)  solution.  Acrolein 
Is  determined  colorlmetrically  after  reaction  with  4-hexyl resorcl no!  In 
an  alcoholic  trichloroacetic  acid  solvent  medium  In  the  presence  of 
mercuric  chloride.  The  absorbance  of  the  blue  colored  product,  having  a 
strong  absorption  maximum  at  605  no.  Is  read  In  a  spectrophotometer. 

To  establish  the  lowest  concentration  of  acrolein  which  may  be 
distinguished  froo  zero,  a  series  of  seven  measurements  of  one  mlcrogram 
acrolein  standard  solutions  were  made.  This  Is  presented  In  Table  4-1. 
The  detection  limit  was  defined  as  the  concentration  of  acrolein  which 
would  yield  an  absorbance  equal  to  twice  the  standard  deviation  of  the 
measurements  of  the  dilute  acrolein  standard  solutions.  A  detection 
limit  of  0.07  mg  acroleln/m3  In  a  50-11ter  air  sample  was  calculated  as 
follows: 


Twice  the  standard  deviation  of  the  absorbances  of  the  seven 
replicate  1  ug  acrolein  standards  equals  0.010  abs.  units.  0.010 
abs.  units  Is  equivalent  to  0.9  ug  acrolein. 

0.9  ug  acrolein  X  15.0  ml  total  absorbing  solution  volume 

4.0  ml  absorbing  solution  50-1  Iter  air  sample 

taken  for  analysis 

0.0675  ug/1  *  0.067  ag/a3 


HIOSH  reports  a  *•. cectlon  Halt  of  0.023  ag  acrolein  /m3  In  a  50  liter 

air  sample.  The  detection  Halt  calculation  used  here  has  been  referred 

3 

to  by  others  as  the  sample  and  blank  definition.  It  Is  the  lowest 
concentration  of  acrolein  which  can  be  distinguished  from  the  blank  with 
95X  confidence.  This  calculation  Is  similar  to  the  method  detection 

A 

[limit  recently  defined  by  EPA. 
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Versa*. 


Efficiency  of  collection  of  acrolein  Is  reported  to  be  approximately 
951  when  two  laplngers  are  used  In  series.  The  NI05H  procedure  suggests 
an  air  sampling  rate  of  2  liters/nrfn  for  a  duration  of  60  minutes.  To 
determine  If  acrolein  was  stripped  from  the  IX  KaHSOj  Implnger 
solutions,  ten  replicate  solutions  of  IX  MaHSO^  were  spliced  at  0.5  ug, 
1.0  ug  and  2.0  ug  acrolein.  Five  solutions  at  each  splice  level  were 

sparged  with  air  for  60  alnutes  at  a  rate  of  2  liters/mln.  The  remaining 
five  solutions  at  each  spike  level  served  as  controls  and  were  not 
sparged.  Colorimetric  analysis  of  each  Implnger  solution  showed  that  no 
losses  of  acrolein  occurred  during  sampling  (see  Table  4—2) . 

A  similar,  but  smaller,  scheme  was  performed  to  duplicate  Yersar’s 
sampling  technique  where  air  Is  sampled  at  a  rate  of  1  Hter/mln  for  a 
duration  of  60  minutes  through  two  midget  Inplngers.  The  results  of  this 
study  are  shown  In  Table  4-3. 

It  appears  that  no  acrolein  Is  stripped  from  the  IX  NaHS03 

absorbing  solutions.  The  detection  limit  calculated  by  Versar  Is  three 
times  higher  than  that  reported  by  NIOSH,  but  still  significantly  lower 
than  the  threshold  limit  value  of  0.25  rag  acroleln/m3.  It  should  be 

noted  also  that  the  data  Indicate  that  the  reported  detection  limit  Is 
probably  a  maxlratan  value.  The  data  from  the  controls  on  the  stripping 
experiments  can  also  be  used  to  calculate  detection  limits.  For  the 
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experiment  at  0.5  ug  the  detection  limit  found  Is  0.015  mg/m  .  The 
experiments  at  1.0  and  2.0  ug  give  limits  of  0.03  mg/m3  and  0.05 
mg/m3  respectively.  These  can  be  compared  to  the  first  detection  limit 
determination  of  0.07  mg/ra3.  It  should  be  noted  that  the  detection 
limits  are  lower  in  the  samples  with  lower  spike  values,  and  that  the 
detection  limits  determined  In  the  stripping  experiments  are  all  lower 

than  the  original  determination.  There  are  probably  two  reasons  for 
tnls.  First,  Individual  standards  were  prepared  in  the  first 
determination,  while  the  stripping  experiments  used  aliquots  of  one 
standard  solution.  Some  of  the  variability  In  the  first  determination 
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TABU  4-2 

STRIP? IMG  POTENTIAL  OF  ACROLEIN  IN  IS  MaHS03 
(NIOSH  TECHNIQUE) 


CONTROL  SPIKES 


0.5  ug  A 
B 
C 
0 
E 

SPARGED  SPIKES 

0.5  ug  A 
B 
C 
0 
E 

CONTROL  SPIKES 

1.0  ug  A 
B 
C 
0 
E 


ACROLEIN  FOUND 


0.45 

0.54 

0.54 

0.35 

0.63 


x  «  0.50  ug 
S  ■  0.09  ug 


0.36 

0.28  x  -  0.43  ug 

0.54  S  ■  0.10  ug 

0.54 
0.45 


0.72 

0.80  x  »  0.80  ug 

0.54  S  *  0.18  ug 

0.89 
1.07 


SPARGED  SPIKES 


1.0  ug  A 
B 
C 
D 
E 


0.89 

0.98 

0.63 

0.89 

0.63 


0.80  ug 
0.15  ug 
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TABLE  4-2  (Continued) 

STRIPPING  POTENTIAL  OF  ACROLEIN  IN  IS  M4HSO3 
(NIOSH  TECHNIQUE) 


CONTROL  SPIKES 

2.0  ug  A 
B 
C 
D 
E 


1.94 

2.38 

1.77 

2.30 

1.68 


x  *  2.01  ug 
S  »  0.28  ug 


SPARGED  SPIKES 


ACROLEIN  FOUND 


2.0  ug  A 
B 
C 
D 
E 


1.77 

1.77 

2.12 

2.30 

1.51 


x  •  1.89  ug 
S  *  0.28  ug 
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®  TABLE  4-3 

8  STRIPPING  POTENTIAL  OF  ACROLEIN  IN  IS  JUKSO3 

■  (YERSAR  TECHNIQUE) 


9 

>: 

CONTROL  SPIKES 

ACROLEIN  FOUND 

(ug) 

& 

0.5  ug 

0.54 

1.0  ug 

1.07 

> 

.V 

2.0  ug 

1.94 

ii< 

SPARGED  SPIKES 

0.5  ug 

0.45 

£ 

1.0  ur 

1.07 

2.0  ug 

2.03 

i 
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could  b«  due  to  variation  in  the  standards.  Second,  the  analysts  were 
none  experienced  in  the  technique  by  the  time  the  stripping  experiments 
were  done.  These  observations  indicate  that  the  reported  detection  limit 
of  0.07  mg/ta'*  is  probably  a  maximum  value.  The  validation  work  done 
here  leaves  little  doubt  MIOSH  Method  P4C4M  211  as  performed  by  Versar 
will  detect  acrolein  at  levels  well  below  the  TL¥. 

Several  procedural  changes  may  be  able  to  Increase  the  sensitivity 
of  the  M10SH  Method  P&CAM  211.  First,  longer  path  length  cells  can  be 
used  to  increase  absorbance  values.  Second,  a  decrease  in  the  immersion 
time  in  the  boiling  water  bath  from  5-6  minutes  to  3  -  4  minutes 
increases  color  Intensity.  Finally,  imnersion  in  an  ice  water  bath  for 
approximately  10  minutes  after  removal  from  the  boiling  water  bath  also 
increases  color  Intensity. 
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5.0  RECOMENDATICNS  AND  COM3.USIONS 

5.1  S  unwary 

No  chemical  Irritants'  concentrations  approach  the  TIY  level 
for  any  air  sample  taken. 

The  outgassing  experiments  on  the  PATRIOT  Heater/Air 
Conditioner  materials  selected  by  the  Investigative  Team  indicated  that 
no  concentration  of  the  chemical  irritants  found  approached  the  TLV  for 
those  materials. 

Failure  of  some  aspect  of  Unit  SN  81013  would  indicate  very 
high  temperatures  occurred  at  soma  time  In  the  units  use  cycle. 

The  key  missing  thermal  shield  In  Unit  SN  801160  Indicates  a 
quality  control  defect. 

5.2  Recommended  Actions 

An  Army  review  panel  of  perhaps  AEHA  and  the  DARCOM  Surgeons 
Office  needs  to  review  the  materials  analysis  and  assumptions  that  were 
employed  In  this  study. 

A  detailed  electrical  and  mechanical  review  of  the  Unit  SN 
81013  should  be  undertaken  to  determine  any  design  deficiencies  that 
could  have  resulted  In  Its  failure. 

A  detailed  review  and  upgrade  of  the  quality  control  checks 
required  In  the  manufacturing  process  should  be  defined  and  Implemented. 

5.3  Conclusions 

Based  on  successful  review  by  the  Army  of  analysis  and 
assumptions  used  In  this  study,  nothing  has  been  uncovered  that  would 
prevent  the  PATRIOT  Heater/Air  Conditioners  from  operating  in  High  Heat 
Mode  provided  they  are  operated  In  accordance  with  prescribed  procedures. 
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Report  of  Test  -  Internal  Temperature  Tests  of  the 
18,000  8TUH  Split-Package  PATRIOT  Air  Conditioner 
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REPORT  OF  TEST 


Subject:  Internal  Temperature  Tests  of  the  18,000  BTUH  Split-Package 

PATRIOT  Air  Conditioner 

Contract:  DAAE70-81-&-0109,  PJO  0300.039 

Test  Location:  VSE  Corporation 

Test  Personnel:  R.  Beahm  and  R.  Slier fy 

Test  Dates:  October  8-18,  1982 

Report  Writer'  Robert  B.  Sherfy,  Project  Engineer 

Teat  Objectives:  a.  Determine  critical  internal  air  conditioner  (A/G) 

temperatures  with  return  air  blocked. 

b.  Investigate  "quick  fix"  possibilities  to  minimize  hazards 
under  adverse  operating  conditions. 

BACKGROUND  '  / 

- 

In  Febsuesy  1982,  several  employees  of  Raytheon  Corporation  (prime 
contractor  for  the  PATRIOT  Missile  System  development  and  production)  vere  working 
in  a  closed  PATRIOT  Consnunicationa  Relay  Group  (CRG)  shelter  in  the  Boston  area. 
They  were  adversely  affected  by  an  irritant  which,  it  is  believed,  came  from  the 
18,000  BTUH  split-package  air  conditioner  operating  in  the  high  heat  mode  on 
the  shelter.  A  Raytheon  retained  cnemical  analysis  company,  Skinner  and  Sherman 
Laboratories,  Inc.,  and  the  VSE  retained  chemical  analysis  company,  VERSAR,  of 
Springfield,  Virginia,  have  found  no  conclusive  evidence  of  an  offending  irritant 
in  recent  and  exhaustive  tests  of  other  identical  air  conditioners. 

In  order  to  test  the  actual  air  conditioner  (S/N  81013)  which 
reportedly  caased  the  problem,  several  VERSAR  chemical  analysts  and  the  writer 
visited  Fort  Bliss,  El  Paso,  Texas  on  August  23  -  26,  1982,  where  the  suspect 
air  conditioner  and  CRG  shelter  had  been  delivered.  (See  Trip  Report  by  It.  B. 
Sherfy,  Subject:  Irritant  Testing  of  PATRIOT  Air  Conditioners  on  CRG  Shelter, 
August  23  -  26,  1982.) 


Prior  Co  testing  and  chemical  sampling  of  S/N  81013,  an  inspection 
of  Che  unit  through  Che  righc  hand  fresh  air  opening  revealed  evidence  chat  this 
air  condiCloner  had  been  extremely  overheated  at  some  time.  The  right  hand  drain 
hose,  located  below  the  heater  assembly,  had  melted  to  the  extent  that  it  was 
badly  misshappen  and  flattened  on  the  bottom  where  it  rested  on  the  unit  bottom. 
Furthermore,  the  hose  top  was  scorched  and  had  a  hole  melted  or  burned  into  it. 

The  black  foam  cabinet  insulation  was  surface  crusted  where  it  was  close  to  the 
heaters  but  not  protected  by  reflective  material.  Several  of  the  teflon  bushings, 
which  cushion  the  electrical  heating  elements  from  their  mounting  bracket,  had 
partially  melted  and  were  found  in  the  bottom  of  the  unit.  Later,  the  air 
conditioner  operating  in  the  high  heat  mode  did  not  appear  to  produce  the  normal 
amount  of  heat,  indicating  that  some  of  the  heating  elements  may  have  been  burned 
out  or  that  one  of  the  over-temperature  switches  tripped. 

Consideration  of  these  overheat  indications  led  the  writer  to  the 
opinion  that  the  only  way  this  unit  could  have  been  made  to  overheat  to  this 
extent  is  for  the  return  air  to  have  been  severely  restricted.  This  could  have 
happened  from  an  extremely  dirty  return  air  filter  or  a  loose  piece  of  newspaper 
or  packaging  paper  sucked  against  the  return  air  opening,  located  at  floor  level 
in  the  shelter  (See  Figure  1).  Ho  remaining  evidence  of  an  occurrence  of  this  type 
existed  inside  the  CGR  shelter  at  Ft.  Bliss.  Following  extensive  air  sampling, 

S/N  81013  was  removed  from  the  shelter  and  shipped  back  to  VSE  for  further 
investigation. 

DISCUSSION 

The  over-temperature  (O.T.)  switches  in  S/N  81013  were  tested  to  assure 
that  they  opened  at  reasonable  settings  to  protect  the  system.  Specified  settings 
are:  open  at  150°F  +5°F,  close  at  110°F  +10°F  (drawing  13216E6224).  Testing 
was  done  using  thermocouples  located  at  the  sensing  disc  of  each  switch  and  an 
electric  heat  gun  to  heat  the  switches.  Although  the  setting  of  switch  S2,  the 
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low  heat  O.T.  switch  was  not  within  specified  tolerance,  it's  setting  under  the 
unit  operating  conditions  was  probably  of  no  consequence  (See  Table  1,  Test  No.  6). 

The  CRG  shelter,  at  the  time  of  the  incidence  at  the  Raytheon  plant, 
was  located  outdoors  in  very  cold  weather  with  the  air  conditioner  operating  in 
the  high  heat  mode.  The  fresh  air  intake  duct  is  mounted  on  the  right  (curb) 
side  of  the  air  conditioner  on  this  shelter  (See  Figure  2).  With  this  configuration, 
if  the  return  air  is  severely  restricted,  a  large  quantity  of  cold,  fresh  air 
is  induced  into  the  air  conditioner,  bathing  the  over-temperature  switches  in 
cold  air  and  preventing  them  from  sensing  the  true  temperatures  in  the  inner 
evaporator  compartment.  Therefore,  they  will  not  turn  the  heaters  off  and  cannot 
protect  the  heaters  or  evaporator  compartment  materials  under  this  abnormal 
operating  condition. 

Our  first  test  simulated  this  operating  condition  on  an  identical 
air  conditioner  (S/N  801185)  with  a  blocked  return  air  opening,  and  cool  air 
entering  the  fresh  air  intake.  Dry  ice  in  a  fabricated  intake  cooling  box  kept  the 
fresh  makeup  air  cool  enough  so  that  the  over-temperature  switches  never  tripped 
during  tests  1  and  2.  S/N  801185  was  instrumented  similar  to  previous  units  tested 
for  irritants  at  VSE  with  the  exception  of  thermocouples  1,  10,  15,  16,  17  and  18 
(See  List  1).  Thermocouple  #10  measures  the  right  condensate  drain  temperature, 
a  point  which  appears  to  get  hotter  than  any  other  in  the  evaporator  section, 
except  for  the  heater  elements  themselves.  Data  taken  during  Test  No.  1  is  presented 
in  Table  2.  This  test  was  run  in  low  heat,  with  the  fresh  air  intake  duct  on  the 
right  side  of  the  air  conditioner,  and  with  the  return  air  duct  blocked  various 
amounts  from  wide  open  to  completely  closed.  The  drain  tube  temperature  reached 
322°F  even  under  low  heat  operation.  The  last  two  runs  of  Test  No.  1  were  with 
75Z  of  the  return  duct  blocked  and  the  fresh  air  intake  completely  blocked  to 
determine  the  fresh  air  cooling  ability  at  the  over-temperature  switches  and 
elesevhere  in  the  evaporator.  Temperature  differences  between  the  tests  make  it 
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obvious  chac  considerable  cooling  of  the  O.T.  switches  and  other  areas  in  the 
upper  right  portion  of  the  evaporator  section  results  from  cool  air  entering  the 
right  fresh  air  Intake. 

Test  Mo.  2  (Table  3)  was  similar  to  Test  Mb.  1,  but  in  the  high 
heat  node.  A  maximum  drain  tube  temperature  of  386°F  was  reached  before  the 
heaters  were  manually  turned  off  because  of  a  burned  rubber  odor  coming  from  the 
unit. 

Disassembly  and  inspection  of  S/N  801185  following  these  tests 
revealed  that  the  right  side  plastic  drain  tube  had  melted  and  burned  exactly 
like  the  one  found  in  S/M  81013. 

Mr.  Franklin  P.  Good,  MEEADCCM  Project  Engineer  for  this  air  con¬ 
ditioner,  and  the  writer,  discussed  possible  quick  fixes  to  keep  outside  air  from 
affecting  the  over-temperature  switches  and  to  reduce  temperatures  at  and  near  the 
right  plastic  drain  hose.  After  extensive  consideration,  two  methods  appeared 
possible  for  a  quick  fix,  and  worthy  of  additional  testing.  One  possibility  was 
a  metal  baffle  to  shield  the  right  drain  tube  from  heat  radiation,  which  originates 
at  the  heater  elements  and  is  reflected  off  of  the  reflective  metal  which 
protects  the  foam  rubber  wall  insulation.  The  other  considered  fix  was  a  small 
air  deflector  in  the  right  side  fresh  air  opening  to  deflect  the  incoming  air 
away  from  the  O.T.  switches  and  downward  toward  the  right  drain  tube  (See  Figure  4). 
Test  Hos.  3  and  4  were  performed  (with  limited  thermocouple  locations)  to  determine 
critical  temperatures  with  various  combinations  of  drain  baffle  and  fresh  air 
diverter.  Test  No.  3  used  the  fresh  air  intake  on  the  right  side  of  the  unit  and 
Test  No.  4,  a  left  fresh  air  intake.  Note  that  the  air  diverter  would  serve 
no  purpose  in  the  left  air  intake  opening  because  of  its  distance  from  the  over¬ 
temperature  switches  and  the  right  condensate  drain  tube.  Therefore  the  diverter 
could  only  be  uaed  for  an  air  conditioner  with  the  fresh  air  intake  installed  on 
the  right  side.  Results  of  these  two  tests  are  presented  in  Tables  4  and  5. 
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T*st  No.  5  was  used  as  a  control  tast  with  no  fixes  installed,  but 
with  the  return  air  completely  blocked  again  to  verify  temperatures  at  the  drain 
tub*  end  O.T.  switches.  Temperatures  very  similar  to  previous  results  were  found 
with  a  drain  tube  high  temperature  of  385°F  (See  Table  6).  List  2  indicates 
instrumentation  used  for  all  tests. 

RESULTS:  Exception  for  the  heater  elements,  the  right  condensate 
drain  aypears  to  be  the  hottest  component  (within  the  evaporator  compartment) , 

which  might  be  adversely  affected  by  high  temperatures  under  very  restricted 
return  air  conditions.  Tests  indicate  a  repeatable  drain  tube  temper iture  of 
approximately  385°F  with  the  return  air  completely  restricted,  ana  the  fresh  air 
intake  duct  on  the  right  side.  Over  temperature  switcher  generally  will  not 
trip  with  outside  air  temperatures  below  about  68°F. 

Under  the  same  conditions,  but  with  the  fresh  air  intake  on  the  left 
side,  the  over-temperature  switches  repeatedly  tripped,  limiting  the  right  drain 
tube  to  about  307°F. 

Unless  the  return  air  duct  opening  is  restricted  more  than  90T,  no 
excessive  temperatures  are  evident  in  the  evaporator  compartment. 

When  the  return  air  is  completely  blocked,  evaporator  fan  operation 
is  extremely  unstable  with  air  flow  coming  out  of  only  one  fan  discharge,  and  a 
slight  air  flow  entering  the  other  fan  discharge.  At  times  this  flow  would  reverse 
between  the  two  fan  outlets,  creating  entirely  new  flow  patterns  in  the  evaporator 
compartment. 

The  installation  of  the  baffle  reduced  the  drain  tube  temperature 
by  about  115°?  to  a  high  of  270°F  with  a  normal  fresh  air  intake  on  the  right  side, 
(return  air  blocked).  With  a  left  side  fresh  air  intake,  high  temperature  of  the 
tube  was  about  307 °i. 
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The  fi.eah  air  diverter  did  an  excellent  job  of  deflecting  the  cold 
air  away  from  the  O.T.  switches ,  and  leapt  the  right  drain  tube  temperature  from 
exceeding  160°?.  However,  the  diverter  la  not  usable  with  a  left:  air  Intake  duct, 
and  the  drain  hoae  attains  about  307°?  In  this  configuration  before  the  O.T. 
switches  reduce  the  heat. 

CONCLUSIONS:  With  the  return  air  hlocked,  temperatures  of 
degradable  materials  Inside  the  air  conditioner  can  reach  critical  temperatures. 

As  an  example,  the  Tygon  tubing,  which  has  a  normal  ma-rimm  working  temperature 
of  approximately  180°?,  actually  reached  temperatures  of  around  3j85°F  under  th4s 
severe  operating  condition.  In  addition,  the  lover  right  rear  Jail  reflective 
metal  reaches  about  340OF  under  the  same  condition.  This  metal  Is  adhered 
directly  to  a  synthetic  foam  Insulation  material,  which  can  also  be  adversely 
affected  by  temperatures  in  this  range. 

These  extraordinary  internal  temperatures  can  only'  be  caused  by 
a  severe  restriction  of  the  return  air. 

It  is  the  opinion  of  this  writer  that  no  easily  applied  "quick 
fix"  to  the  air  conditioner  will  offer  adequate  protection  to  internal  materials 
of  the  evaporator  section.  However,  a  program,  including  an  engineer  change 
proposal  CECP82HE0387), initiated  more  than  eleven  months  ago  to. correct  an 
unnecessarily  hign  heater  element  failure  rate,  has  the  ability  to  completely 
protect  the  unit,  regardless  of  careless  external  blockage  of  the  return  air. 

This  ECP  changes  the  bare  heater  elements  to  finned  elements,  drastically  reducing 
their  surface  temperature,  and  therefore  the  resultant  radiant  heat.  At  the  same 

time,  the  over-temperature  switches  are  relocated  to  be  more  responsive  to  heater 

i 

and  internal  temperatures,  and  less  affected  by  fresh  air  intake. 
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RECOMMENDATIONS: 


1.  Provide  a  method,  within  the  shelter,  to  prevent  the  blockage 
of  the  return  air  filter  (but  still  allow  for  easy  filter  cleaning). 

2.  Investigate  an  alternate  drain  tube  material,  such  as  silicone, 
which  is  more  temperature  resistant  than  the  existing  plastic  tubing. 

3.  Immediately  implement  ECF82KE0387  for  redesigned  heaters,  to 
Include  retrofit  of  existing  air  conditioners. 


(SIMILAR  TO  CRG  SHELTER) 


C1C  GE  AIR  CONDITIONER  OVERHEAT  TESTS 
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PLACEMENT  OF  THERMOCOUPLES  FOR  TESTS  1  AND  2 


1.  Fresh  air  inlet.  Placed  in  Fresh  air  filter.  No  Epoxy. 

•  2.  Return  air.  Placed  in  intake  duct.  No  epoxy. 

3.  Exit  air.  Placed  in  discharge  duct.  No  epoxy. 

4.  Thermal  bulb  tape  (insulation  tape).  Imbedded  in  the  thermal  bulb  tape., 
a  few  inches  to  the  left  side  of  the  heater.  No  epoxy. 

5,6,7&8.  Rear  Bulkhead.  Four  thermocouples  places  left  to  right  across  the  rear 
bulkhead,  attached  with  epoxy  to  the  reflective  aluminum,  six  to  nine  inches 
off  the  bottom  of  the  unit. 

9.  Rear  bulkhead.  Attached  with  epoxy,  rear  bulkhead,  approximately  two  inches 
from  the  bottom  of  the  unit,  and  tvo  inches  from  the  right  side. 

10.  Tygon  tube  drain.  Located  against  the  right  drain  tube.  No  epoxy, . 

11.  Right  wall  rear.  Attached  with  epoxy  on  the  right  side  wall  on  the  reflective 
aluminum,  six  to  nine  inches  from  the  bottom  of  the  unit,  near  the  rear 
corner. 

12.  Right  wall.  Attached  with  epoxy  on  the  right  side  wall  on  the  reflective 
aluminum,  directly  to  the  right  of  the  hearing  elements.  Approximately 
two  inches  from  the  bottom  of  the  unit. 

13.  Right  wall  rear.  Attached  with  epoxy  to  the  right  side  wall  near  the  rear 
corner.  Approximately  two  Inches  from  the  bottom  of  the  unit. 

14.  Rear  wall.  Attached  with  epoxy  to  the  rear  wall  insulation  near  the  right 
corner  on  the  cut  out  for  the  Riv  nut.  Approximately  two  inches  from  the 
bottom  of  the  unit. 

15.  Heating  element.  Wired  to  low  heat  heating  element.  Thermocouple  was  not 
attached  with  epoxy.  Actual  measurement  is  an  air  measurement  very  close 
to  the  surface.  This  is  true  for  point  16  also. 

16.  Heating  element.  Wired  to  high  hear  heating  element.  See  point  15. 

17.  Over  temperature  switch  S3.  Mounted  against  front  O.T.  switch  disk  for  high 
heat  control.  No  epoxy. 

18.  Over  temperature  switch  S2.  Mounted  against  rear  O.T.  switch  disk  for  low 
heat  contro.  No  expoy. 
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INSTRUMENTATION 


The  following  instrumentation  was  used  for  all  testing  involved  in  this  report. 


Current  Transformer,  Weston  Model  461,  MERADCCM  CT  #6B.4 
Current  Transformer,  Weston  Model  461,  MERADCCM  CT  #6B.3 
Wattmeter,  Weston  Model  432,  VSE  S/N  1481 
Voltmeter,  Weston  Model  904,  MERADCOM  #4B.6 

Temperature  Indicator,  Thermo  Electronic  Model  LLPH3,  VSE  S/N  0209, 

18  point  digital  temperature  indicator,  1°  resolution,  II  accuracy 
used  with  chromel-aluael  thermocouples 
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DEPARTMENT  OF  THE  ARMY 

US  ARMY  MOSIUTY  EQUIPMENT  RESEARCH  ft  DEVELOPMENT  COMMAND 
PORT  8CLVOIR.  VIRGINIA  22000 


DROME- EPAT 


DEC'  1  3  1382 


MEMORANDUM  FOR  RECORD 

SUBJECT:  Minutes,  Meeting  to  Review  Results  of  Final  Phase  of  Irritant  Testing 
of  PATRIOT  Production  Air  Conditioners,  UII,  19  Oct  82. 

1.  Short  Concise  Synopsis  of  Meeting:  The  results  of  following  were  discussed: 

a)  Investigative  team  inspection  of  two  (2)  Patriot  Production  Air  Conditioners,  b) 
materials  evaluation,  c)  sampling,  d)  observation  of  CRG  Shelter  at  Ft.  Bliss,  and 
e)  air  sampling  analysis  of  the  CRG  Shelter.  Representatives  from  Patriot  Missile 
Office,  Raytheon,  Army  Environmental  Hygiene  Agency  (AEHA),  DARCOM  Surgeon  General, 
VSE,  VERSAP.  Skinner  and  Sherman,  and  MERADCOM  were  in  attendance.  It  was  concluded 
that  no  suspected  chemical  Irritants  for  which  tests  were  made  (e.g.,  acrolien, 
cyanide)  were  emitted  from  the  Patriot  Air  Conditioner  when  operating  in  the  high 
heat  mode  and  that  It  was  safe  to  operate  in  the  high  heat  mode  of  operation. 

Also,  the  results  of  an  Investigation  into  possible  causes  for  overheating 
of  Patriot  Air  Conditioner  S/N  81013  were  discussed  at  length.  S/N  81013  is  the 
air  conditioner  that  was  mounted  on  the  CRG  Shelter  in  which  Raytheon  personnel 
became  ill  during  April  1982.  It  was  demonstrated  on  another  air  conditioner 
(S/N  801185)  that  by  blocking  the  return  air,  the  overheated  condition  of  S/N  81013 
could  be  duplicated.  This  was  confirmed  by  comparing  materials  removed  from 
S/N  81013  to  that  of  S/N  801185.  It  was  concluded  that  somehow  the  return  air  duct 
in  the  CRG  shelter  must  have  become  clogged/closed-ofF  accidently,  while  the  Raytheon 
personnel  were  working  in  it  in  April  1982,  thus  causing  the  overheating. 

It  was  agreed  that  MERADCOM  would:  a)  forward  a  message  to  PATRIOT  Missile 
Office  ( PMO)  indicating  that  the  Production  Air  Conditioner  was  safe  to  use  in 
the  high  heat  mode  as  long  as  return  air  flow  is  not  blocked,  b)  recommend  to  the 
PMO  that  all  tags  should  be  removed  from  the  Air  Conditioner  so  that  the  air 
conditioners  can  be  used  in  tne  high  heat  mode,  and  c)  request  that  Raytheon  add 
a  warning  label  in  the  shelter  against  blocking  the  shelter  return  air  ducts. 

2.  Personnel  Present:  See  attached  list. 


3.  Discussion: 

A.  VERSAR  provided  a  review  of  their  draft  final  report  "Patriot  Heatar/Air 
Conditioner  Investigation:  Results  of  Implementation  of  July  21,  1982  Recommendations", 
dated  October  4,  1982.  Copies  of  this  report  had  been  distributed  the  week  of 
4  October  1982.  The  report  covered  in  detail  the  following: 


•N 


jM  -I 


1)  Investigation  Into  the  various  types  of  materials  used  In  the  air 
conditioner.  Five  materials  were  selected  that  would  require  further  testing  due 
to  the  amount  used  In  the  unit  and  their  proximity  to  the  heating  elements.  These 
Included  the  black  Insulating  foam,  thermal  bulb  Insulating  tape,  adhesive  for  foam, 
sealer  for  condensate  trap,  and  tubing  for  condensate  drain. 

2)  Temperature  survey  of  the  air  conditioner  as  It  was  operated  In  the 


high  heat  mode, 
blocked  off. 


The  maximum  temperature  was  247°F.  wit!  the  return  air  duct  50* 


3)  Air  Sample  Testing  of  the  CRG  Shelter  at  Ft.  311ss  using  Air  Conditioner 
S/N  81013  and  S/N  801198.  S/N  801198  was  tested  earlier  at  VSE  Corp.  with  no 
evidence  of  chemical  irritants  being  emitted  while  operating  in  the  high  heat  mode. 

The  target  parameters  for  the  sampling  effort  were  as  follows:  Acrolien,  Formaldehyde, 
Cyanides,  Amines,  Hydrogen  Chloride,  Carbon  Dioxide,  Carbon  Monoxide,  Semi-volatile 
organics,  volatile  organics,  and  aromatics.  The  sampling  and  analysis  were  In 
accordance  with  a  draft  plan  dated  30  July  1982  and  changes  as  result  of  comments 
by  AEHA,  Raytheon/Skinner  &  Sherman,  and  MERADC0M.  A  proposed  sampling  experiment 
by  Raytheon/Skinner  S  Sherman  was  not  Included  because  of  insufficient  time  for 
validation  prior  to  the  testing  of  the  CRG  Shelter  at  Ft.  31 1 ss . 


4)  Inspection  of  Patriot  Air  Conditioner  S/N  81013  upon  Its  removal  from 
the  CRG  Shelter  revealed  that  it  had  overheated.  A  number  of  teflon  grommetts  and 
the  tagon  drain  tubing  were  either  burned  or  had  melted. 

5)  Outgasslng  experiments  on  the  five  selected  materials  which  were  sub¬ 
jected  to  a  maximum  temperature  of  280°F.  It  was  agreed  that  the  maximum  temperature 
found  in  the  Air  Conditioner  would  be  Increased  by  approximately  152  which  would 
establish  the  maximum  temperature.  At  these  temperatures,  the  results  showed  that 
the  concentration  of  the  compounds  released  would  probably  not  reach  hazardous  levels. 

B.  VSE  provided  a  review  of  their  investigation  into  the  possible  causes  for 
the  over-heating  of  Air  Conditioner  S/N  81013.  They  showed  that  che  inside  con¬ 
dition  of  S/N  81013  of  burned  grommetts  and  melted  tubing  could  be  duplicated  by 
blocking  off  the  return  air  to  the  air  conditioner.  This  was  accomplished  by 
operating  a  similar  production  Air  Conditioner  (S/N  801185)  in  'he  high  heat  mode 
with  the  return  air  duct  completely  blocked  o ff.  Since  there  was  no  air  moving 
across  the  heater  elements,  the  heater  elements  reached  their  maximum  temperature 

in  a  matter  of  minutes.  The  unit  was  shut  down  and  an  inspection  revealed  grommetts 
and  tubing  very  similar  to  those  found  in  S/N  81013.  VSE  showed  that  the  April  1982 
incident  at  Raytheon  with  the  CRG  Shelter  could  have  been  caused  by  some  foreign 
object  (drawing  sheet,  coat,  etc.)  falling  in  front  of  and  clogging  the  shelter 
return  air  duct.  The  return  air  duct  is  located  about  1“  off  the  floor  of  the 
shelter  and  would  be  vulnerable  to  something  like  this  happening.  A  copy  of  vSE's 
report  on  this  investigation  will  be  part  of  t'C  final  report  on  this  phase  of 
Irritant  Testing. 

C.  Raytheon/Skinner  S  Sherman  indicated  thvt  the  results  of  their  analysis 
was  essentially  in  agreement  with  those  of  VERSAR's.  Also,  they  had  compared 
material  samples  received  from  KEC0  via  VERSAR  and  those  material  samples  removed 
from  S/N  81013.  Skinner  S  Sherman  concluded  that  the  material  was  essentially 
the  same. 


0.  AEHA  indicated  that  they  had  not  analyzed  any  of  the  samples  as  agreed  to 
by  the  plan  of  test.  However,  they  considered  the  approach,  experiments  and  con¬ 
clusion  of  the  VERSAR's  draft  report  to  be  valid. 

4.  Conclusion:  It  was  concluded  that: 

A.  Nothing  had  been  uncovered  (based  on  the  list  of  suspected  irritants)  in 
the  testing  and  analysis  of  Patriot  Air  Conditioner/Heater  that  would  prevent  it 
from  operating  in  the  high  heat  mode;  that  the  Air  Conditioner/Heater  is  safe  to 
use  in  the  high  heat  mode  provided  the  return  air  flow  is  not  blocked. 

B.  A  warning  sign  should  be  Incorporated  in  the  shelters  that  warns  against 
blocking  the  shelter  return  air  ducts. 

C.  There  should  be  an  increased  QA  surveillance  at  the  contractor's  plant. 

Poor  quality  of  workmanship  was  exhibited  in  a  number  of  the  Air  Conditloners/Haaters 
that  were  Inspected /tested. 

D.  All  Air  Conditioners/Heaters  that  have  been  delivered  prior  to  the  increased 
QA  surveillance  should  be  re-inspected. 

E.  The  over-temperature  switch  on  the  Air  Conditioner/Heater  should  be  relocated 
to  a  position  where  It  would  not  be  effected  by  the  temperature  of  the  make-up 

air.  It  should  be  located  where  It  can  sense  the  temperature  of  the  heater  elements 
and  shut  down  the  heater  if  an  over-temperature  condition  developes. 


FOR  THE  COMMANDER: 

t-vLu  f  7* .  I*1 1 

ROBERT  M.  MCKECHNIE 
OPO,  PATRIOT  Support 
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EXECUTIVE  SUMMARY 

MERAOCOH  has  tr^en  investigating  the  source  of  Irritant  gas 
production  In  PATRIOT  Heater/Air  Conditioners  -  shelters  since  the 
original  reports  at  Raytheon  In  April  1982.  During  this  Investigation 
over  1,500  samples  have  been  analyzed  for  a  number  of  parameters. 
Exhaust  air  from  the  PATRIOT  Heater/Air  Conditioners  has  been  monitored 
for  hydrolyzable  fluoride,  hydrogen  cyanide,  hydrogen  chloride,  acrolein, 
formaldehyde,  organic  amines,  sulfur  dioxide,  carbon  monoxide,  carbon 
dioxide,  some  semi-volatile  organic  compounds  and  volatile  organic 
compounds.  None  of  the  samples  taken  before  the  Fort  Bliss  hydrolyzable 
fluoride  tests  had  any  material  Identified  at  a  sufficiently  high 
concentration  to  explain  the  personnel  symptoms.  This  report  Is  a 
summary  of  the  role  of  polytetrafluoroethylene  (TFE)  gromnets  in  the 
PATRIOT  Irritant  gas  Incidents.  The  report  details  the  Incident  3 
November  1982  at  Fort  Bliss,  the  absence  of  hydrolyzable  fluoride  In 
seven  shelters  with  grommetless  heaters,  and  lastly,  a  detailed 
reconstruction  of  the  original  Incident.  The  reconstruction  of  the 
Incident  was  accomplished  In  the  laboratory  on  a  single  heater  rod.  In  a 
stand-alone  Heater /Air  Conditioner  and  lastly  in  an  actual  CRG/ICC 
shelter.  TFE  grommets  used  In  the  PATRIOT  Heater/Air  Condi tloner-CRG/ICC 
shelter  have  been  shown  to  thermally  decompose  to  a  sufficient  extent  and 
In  a  short  enough  time  to  produce  a  concentration  of  TFE  decomposition 
products  that  could  produce  the  chemical  Irritation  reactions  described. 
After  removal  of  these  grommets,  hydrolyzable  fluoride,  the  major  TFE 
decomposition  product  monitored,  was  not  observed. 

Grommets  have  been  removed  from  all  units.  In  virtually  every  case 
(some  30  units  investigated  to  date)  major  TFE  loss  was  observed.  The 
standard  Army  Issue  M8  chemical  agent  alarm  was  used  to  monitor  the  air. 
It  can  detect  the  decomposition  products  of  TFE,  but  it  Is  not  sensitive 
enough  to  be  useful.  TFE  grommets  should  not  be  used  In  direct  contact 
with  the  heater  rods  o’*  In  any  environment  where  the  temperature  Is  high 
enough  to  decompose  the  TFE.  Decomposition  of  TFE  will  begin  between 
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332*F  and  572*F.(1)  NIOSH  reccmtends  that  “exposure  to  the 


decomposition  products  of  fluorocarbon  polymers  be  controlled  by  the  use 
of  engineering  and  administrative  controls  and  by  strict  adherence  to 


work  practices  that  will  minimize  worker  contact  with  pyrolysis  products 
of  fluorocarbon  polymers  or  with  potentially  pyrolyzatle  dust."^ 
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I.  OVERVIEW 

A.  Background 

Amy  and  Raytheon  perstinel  were  exposed  to  an  Irritant  gas  during 
jthe  testing  of  the  PATRIOT  Army  Air  Defense  System  -  CRG  shelter  In 
jAndover,  Massachusetts  on  5  April  1982.  Initial  gas  tests  were  conducted 
by  Raytheon/Ski nner-Sherman  and  shortly  after  by  VSE/Yersar  on  stand¬ 
alone  PATRIOT  Heater/Air  Conditioners.  Different  observations  were  made 
by  the  two  Investigating  laboratories.  On  8  June  1982,  a  meeting  was 
bailed  by  MERADCOM  to  define  and  eliminate  the  Irritant  gas  problem. 
Present  at  that  meeting  were  representatives  of: 

MERADCOM  PATRIOT  Office 

-  U.S.  Army  Environmental  Hygiene  Agency  (U.S.AEHA) 

MERAOCOM  Safety 

OARCOM  Surgeon  General  (staff  were  not  present  until  actual 
tests  and  report  evaluation) 

Raytheon 
VSE 

j  -  Skinner/Sherman 
Versar 

I 

jA  plan  was  developed  that  addressed  all  relevant  target  parr  meters  and 
jthe  most  appropriate  sampling  methodologies.  Standard  sampling  and 
'analytical  methods  we>*e  used  whenever  possible,  exceptions  were  discussed 
Jand  If  used  documented.  This  plan  and  the  detailed  report  were  presented 
|  (16  July  1982)  and  reviewed  (2;  July  1982).  (16  July  1982  Results  of 

(Sampling  and  Analysis  conducted  on  four  PATRIOT  Heater/Air  Conditioners 
at  the  VSE  Corporation  facility  In  Alexandria,  Virginia.)  No  Irritant 
chemical  was  Identified  that  was  produced  In  sufficient  concentration  to 
have  caused  the  original  Incident. 

j  during  the  review  process  a  detailed  set  of  chemical  and  engineering 
'evaluations  were  suggested.  A  second  plan  was  developed,  reviewed,  and 
Implemented.  This  plan  and  detailed  report  were  presented  (4  October 
|  1982)  and  reviewed  (19  October  1982).  (4  October  1982  PATRIOT  Heater/ 

Air  Conditioner  Investigation:  Results  of  Implementation  of  21  July 
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1982  Recommendations.)  At  this  meeting  it  was  concluded  that  sufficient 
data  was  on  hand  to  begin  the  use  of  the  PATRIOT  Heater/ Air  Conditioner. 

On  Wednesday,  3  November  1?'82,  (before  any  official  order  to  use  had 
been  given)  Army  and  Raytheon  staff  working  at  Fort  Bliss,  Texas  were 
exposed  to  an  irritant  gas  during  the  testing  of  the  PATRIOT  Army  Air 
Defense  System  -  ICC  Shelter  (similar  to  a  CRS  shelter,  but  equipped  with 
two  heater/air  conditioner  units).  MERADCOM  on  Friday,  5  November  1982 
contacted  Versar  and  asked  that  an  appropriate  investigation  be  under¬ 
taken.  This  report  is  a  seminary  of  that  investigation. 

8.  Incident  at  Fort  Bliss,  Texas,  3  and  5  November  1982 

An  industrial  hygiene  Investigative  team  was  dispatched  (reported  on 
Thursday,  4  November  1982  -  team  interviews  Monday,  8  November  1982)  by 
MERADCOM  to  define  the  exposure  problem.  A  detailed  account  of  that  trip 
is  given  in  Section  II. B.  They  found  that  seven  individuals  had  been 
exposed  to  some  form  of  chemical  irritation  over  a  period  of  two  weeks. 
The  chemical  exposures  happened  when  ir?  heater  was  used.  Significant 
damage  to  teflon  grommets  of  both  heaters  was  observed.  Coughing  and 
dryness  cf  throat  are  the  roost  commonly  reported  effects  first  noted. 

Other  symptoms  of  sleeplessness,  severe  headaches,  and  chest  pains  yere 
also  reported. 

Based  on  these  observations  and  discussions  with  the  AEHA  staff  it 
was  determined  that  the  air  would  be  monitored  for  hydrolyzable  fluoride, 
chloride,  sulfur  dioxide,  acrolein,  contaminants  detected  by  the  M8 
chemical  agent  alarm,  organics  trapped  on  charts!  tubes  and  organics 
trapped  on  Porapak  N  tubes.  The  unit  would  be  tested  at  low  heat  and 
high  heat,  with  and  without  grommets. 

No  chemical  irritants  were  detected  except  hydrolyzable  fluoride. 

3 

The  fluoride  concentration  went  from  0.01  mg/m  to  not  detected  after 

the  grommets  were  removed.  The  30  teflon  grormets  In  the  shelter  lost 
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over  4.5  grams  of  fluoride.  This  could  have  raised  the  Internal 
concentration  of  hydrolyzable  fluoride  to  over  250  ag/n?  (using  the 
assumptions  developed  In  the  October  4,  1982  report  “PATRIOT  Heater/Air 
Conditioner  Investigation:  Results  of  Implementation  of  July  21,  1982 
Recommendations". 

C.  Hydrolyzable  Fluoride  Analysis  In  PATRIOT  Shelters  at  Fort 
T.liss  and  WS » te  Sands  Missile  Range  After  Grommet  Removal 

Based  on  the  finding  of  the  investigation  of  the  3  November  1982 
Incident  at  Fort  Bliss,  TFE  grommets  were  removed  from  all  field  units. 
All  units  showed  some  signs  of  thermal  decomposition  of  gronmets.  It  was 
decided  and  concurred  by  PATRIOT  Missile  Office  to  subject  all  enclosures 
to  the  same  tests  done  on  the  3  November  1982,  Fort  Bliss  unit.  This 
plan  was  reviewed  by  US  AEHA  who  supplied  additional  support  equipment. 
These  tests  were  all  conducted  and  no  significant  levels  of  Irritants 
were  detected. 

D.  Reconstruction  of  the  Incident  Conditions 

In  detailed  discussions  with  tiS  AEHA  and  others  It  became  apparent 
to  MERADCOM  that  a  reconstruction  of  the  decomposition  of  TFE  grommets 
was  worthwhile.  A  three  phase  plan  was  developed  with  the  advice  and 
help  of  ’Jo  AEHA.  This  Is  discussed  In  Section  IV.  The  phases  are  as 
follows: 


Phase  1  -  Laboratory  Experiments 

Phase  2  -  PAT1I0T  Heater/Air  Conditioner  Alone 

Phase  2  -  Total  Shelter 

The  laboratory  experiments  showed  that  the  heater  rod  produced 
significant  TFE  damage.  The  products  of  this  decomposition  were 
hydrolyzable  fluoride  (approximately  20  percent),  particulate  TFE  and  a 
large  number  of  organic  flourlde  materials.  The  analytical  methods  and 
target  parameters  were  the  same  used  in  all  efforts.  Only  hydrolyzable 
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fluoride  would  be  produced  in  significantly  high  enough  concentrations  to 
be  detected.  The  experiments  also  showed  that  the  M8  chemical  agent 
alarm  did  respond  to  the  decomposition  products  of  TFE. 

In  the  second  phase  samples  were  taken  from  a  stand-alone  PATRIOT 
Heater/Air  Conditioner  and  demonstrated  a  good  correspondence  between 
hydrolyzable  fluoride  and  M8  chemical  agent  alarm  response  and  loss  of 
weight  of  TFE  gronmets.  The  study  showed  that  the  air  conditioner  alone 
did  not  destroy  TFE,  but  only  under  the  normal  conditions  created  when 
approximately  one-half  of  the  return  air  was  blocked.  Lastly,  the  M8 
detector  response  appears  to  be  directly  related  to  hydrolyzable  fluoride 
concentration. 

In  the  third  and  final  phase  the  concentration  of  hydrolyzable 
fluoride,  the  air  flow  characteristics,  and  the  M8  chemical  agent  alarm 
response  were  investigated  In  a  real  shelter.  This  study  showed  that  a 
single  heater/air  conditioner  operated  In  an  ICC  shelter  will  destroy 
substantial  amounts  of  TFE  and  will  release  hazardous  amounts  cf 
hydrolyzable  fluoride.  If  the  other  air  handling  equipment  In  the 
shelter  Is  turned  on,  more  TFE  is  destroyed,  and  more  hydrolyzable 
fluoride  Is  released.  It  Is  Important  to  net*  that  this  case,  air 
handling  equipment  on.  Is  the  normal  operating  condition  for  the 
shelter.  These  experiments,  like  the  second  phase  experiments,  showed 
that  the  M8  chemical  agent  alarm  r-esponse  was  related  to  the  hydrolyzable 
fluoride  concentration.  Howeyer,  the  study  also  showed  that  the  M8 
chemical  agent  alarm  was  not  sensitive  enough  to  be  a  useful  warning. 
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II.  INCIDENT  AT  FORT  BLISS,  TEXAS,  3-5  NOVEMBER  1982 

A.  Introduction 

During  routine  evaluation,  Wednesday,  3  November  1982,  of  a  PATRIOT 
Amy  Air  Defense  System  -  ICC  shelter  at  Fort  Bliss,  Texas,  Amy  and 
Raytheon  personnel  were  exposed  to  an  irritant  gas.  On  Friday,  5 
November  1982,  MERADCOM  personnel  asked  Yersar  to  Investigate  the 
Incident. 

Dr.  Nell  Jurtnskl  (NU  CHEMCO)  and  Mr.  John  Richards  {Versar  Inc.) 
traveled  to  El  Paso,  Texas  to  Interview  Raytheon  Corporation  and  US  Army 
personnel  who  had  reported  adverse  health  effects  during  the  period  from 
3-5  November  1982,  while  working  In  an  ICC  shelter  equipped  with  two 
PATRIOT  Heater/Air  Conditioners  operated  In  the  heat  mode.  Dr.  Jurtnskl 
and  Mr.  Richards  Interviewed  six  personnel  to  determine  what  the  adverse 
health  effects  were  among  the  six  Interviewee's  (the  seventh  person  was 
unable  for  an  Interview).  This  Information  provided  direction  In  terms 
of  what  types  of  air  samples  to  collect  and  parameters  to  look  for.  The 
results  of  the  Interviews,  the  exposure  assessment,  and  sampling 
activities  are  provided  In  this  section.  Also,  Dr.  Jurfnskl  has 
described  the  first  phase  of  the  trip  to  El  Paso,,  Texas  In  the  enclosed 
trip  report  submitted  to  Yersar  on  12  November  1982  (see  Appendix  I). 
During  the  Interviews  It  was  confirmed  that  all  Illnesses  occurred  when 
the  units  were  operated  In  one  of  the  heating  inodes.  The  second  phase  of 
this  trip  was  to  provide  air  sampling  to  attempt  to  Identify  the  chemical 
Irritants  that  may  be  present  in  the  shelter  during  heater  operation  and 
relate  these  Irritants  back  to  the  adverse  health  effects  observed 
earlier  (see  Section  II. C.  for  specific  details). 

B.  Industrial  Exposure  Assessment  Results 

The  results  of  the  Interviews  Indicated  that  an  irritant  was  being 
released  Into  the  air  of  the  ICC  shelter  during  heater  operations.  The 
presence  of  this  Irritant  In  the  air  caused  all  personnel  involved  to  be 
uncomfortable  atout  working  in  the  ICC  shelter,  therefore,  the  PATRIOT 
Heaters/Air  Conditioners  were  turned  off  and  the  shelter  vacated. 
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Versar  determined  that  additional  on-site  testing  was  required  and 
scheduled  the  tests  for  10  November  1982.  Dr.  Jurfnskl  was  not  present 
during  the  on-site  testing.  His  trip  report  for  activities  conducted  on 
8-9  November  1982  are  presented  in  Appendix  I. 

C.  Field  Sampling 

Field  sampling  was  conducted  on  10  November  1982,  In  the  ICC  shelter 
located  at  Abernathy  Park  in  Fort  Bliss  (El  Paso,  Texas).  Sampling 
activities  began  at  0400  and  ended  at  approximately  1240.  Samples  were 
collected  for  the  following  target  parameters: 

-  Sulfur  dioxide 
Hydrogen  fluoride 
Hydrogen  chloride 
Acrolein 

-  Semi-volatile  organic  compounds 

-  Volatile  organic  compounds 

In  addition,  an  Irritant  gas  detector  developed  for  the  US  Army  was  used 
as  a  real  time  monitor  of  possible  Irritants  In  the  air.  This  chemical 
agent  alarm  Is  referred  to  as  the  "MS",  and  Is  used  by  US  Army  personnel 
to  detect  gases  such  as  carbonyl  chloride  (Phosgene).  During  sampling, 
personnel  wore  respirators  when  Inside  the  ICC  shelter  when  monitoring 
sampling  equipment  and  collecting  data  inside. 

The  development  of  the  above  list  of  target  parameters  was  as  a 
result  of  both  recommendations  from  US  AEHA  and  review  of  analytical  data 
obtained  from  the  thermal  degradation  studies  conducted  earlier  by 
Yersar.  The  use  of  the  M8  chemical  agent  alarm  was  recommended  by  US 
AEHA. 

C.l  Sampling 

All  sampling  procedures  were  either  recommended  or  approved  EPA 
or  NIOSH  methods  for  the  target  parameters  of  Interest.  As  described 
above,  air  samples  were  collected  for  the  above  chemical  constituents  and 
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general  chemical  groups  using  Implnger  solutions,  Porapak  sorbent  tubes, 
and  charcoal  sorbent  tubes.  In  addition,  the  MS  chemical  agent  alarm, 
plus  a  second  M8  chemical  agent  alarm  from  the  Fort  Bliss  NBC  school, 
were  operated  continuously  during  all  phases  of  sampling  to  provide  a 
real  time  monitor  for  the  possible  presence  of  chemical  Irritants  like 
carbonyl  chloride.  A  total  summary  of  samples  collected  Is  presented  In 
Table  1. 

The  following  sampling  scheme  was  conducted  with  TFE  grommets 
In  position  on  both  heater  units  and  operated  as  described  below: 

-  0.5  hr  sampling  run  with  both  units  on  high  heat. 

-  1.0  hr  sampling  run  with  both  units  on  high  heat. 

-  1.0  hr  sampling  run  with  both  units  on  low  heat. 

-  1.0  hr  sampling  run  outside  shelter  -  referred  to  make-up 

air. 

All  TFE  grommets  were  removed  from  both  heater  units  and  were  submitted 
to  the  laboratory  for  gravimetric  analysis  after  the  above  sampling  runs 
were  completed.  Then  a  final  sampling  run  was  performed  to  determine  If 
conditions  Inside  the  ICC  shelter  were  different  than  those  observed  when 
the  TFE  gronmets  were  In  position.  The  sampling  run  was  conducted  under 
the  following  conditions: 

-  1.0  hr  sampling  run  with  both  units  on  high  heat. 

All  samples  were  submitted  to  Yersar's  analytical  laboratory  on 
November  11,  1982  at  0930  for  analyses. 

C.2  On-site  Observations 

Inspection  of  the  ICC  shelter  revealed  that  the  Inslo* 
configuration  was  similar  to  the  CRG  shelter  and  was  equipped  with 
electronic  equipment.  The  ICC  shelter  has  two  PATRIOT  Heater/Air 
Conditioner  units  rather  than  one  like  the  CRG  shelter.  The  units  In 
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TABLE  1 


SlfMARY  Of  AIR  SAMPLES  COLLECTED  OK  TO  NOVEMBER  1982 
FROM  THE  ICC  SHELTER  EQUIPPED  WITH  TWO 
PATRIOT  HEATER/AIR  CONDITIONER  UNITS* 


She! ter 

Air 

Make-up 

Air 

Field 

Blanks 

Total 

Summary 

0.3N  H2O2  Implnger 

4 

1 

2 

7 

0.1M  NaOH  Implnger 

8 

2 

2 

12 

1  percent  NaHS03  Implnger 

8 

2 

4 

14 

Porapak  Tubes 

8 

8 

5 

21 

Charcoal  Tubes 

8 

7 

2 

17 

M8  Continuous 

1 

mm 

mm 

1 

TOTALS 

37 

20 

15 

72 

♦Curbside  unit  was  SN  81014;  Roadside  unit  was  SN  801163. 
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position  on  the  shelter  were  SN  S1014  on  the  curbside  and  SN  801163  on 
the  roadside.  It  was  observed  that  the  foam  dust  filter  at  the  face  of 
the  floor-level  return  air  duct  was  extremely  dirty.  A  slight  touch  with 
a  pencil  resulted  In  many  dust  partlcules  falling  off.  Also,  all 
horizontal  surfaces  Inside  the  shelter  were  covered  with  a  thin  layer  of 
dust.  The  general  condition  of  the  shelter  appeared  as  if  neither 
housekeeping  activities  nor  dust  filter  maintenance  had  been  been 
recently  performed. 

Inspection  of  the  heater/air  conditioner  units  was  performed 
and  the  following  was  observed: 

SN  81014  (curbside) 

-  heater  rods  -  slightly  discolored  entire  length  of  rod. 

-  TFE  gromnets  -  eight  disfigured,  but  none  melted  to  the 
point  that  they  had  apparently  dripped. 

-  tygon  tubing  -  appeared  good. 

-  aluminum  shielding  -  all  In  place. 

-  foam  -  pliable  and  showed  only  signs  of  having  standing 
water  for  long  periods. 

-  general  -  Inside  of  box  was  dirty  on  bottom. 

SN  801163  (roadside) 

-  heater  rods  -  all  discolored  with  a  light  black  dust  present 

on  all.  Discoloration  covered  approximately  50  percent  of 
rod  and 

did  not  go  all  the  way  to  the  free  end. 

-  TFE  grommets  -  all  appeared  In  good  condition  and  none  were 
dl sflgured. 

-  tygon  tubing  -  appeared  good. 

-  aluminum  shielding  -  all  In  place. 

-  foam  -  pliable  and  showed  signs  of  having  standing  water  for 
long  periods. 

-  general  -  Inside  of  box  was  extremely  dirty  at  the  bottom. 

During  sampling,  the  Inside  air  temperature  ranged  from  a  low 
of  74*F  to  a  high  of  140’F,  dependent  upon  whether  the  heaters  were  just 
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turned  on  and  positioned  to  either  the  low  or  high  heat  mode.  Samples 
were  located  approximately  six  Inches  the  floor  In  the  middle  of  the 
shelter.  The  return  air  duct  located  on  the  floor  was  clear  of  blockage 
and  the  foam  dust  filter  was  in  place.  The  dust  filter  was  not  cleaned 
before  sampling  activities  began. 

Each  time  the  heaters  were  started  up,  there  was  an  Initial 
burning  smell  which  lasted  for  a  period  from  30  seconds  to  2  minutes. 
The  smell  was  similar  to  the  one  encountered  when  a  new  electrical  stove 
element  Is  turned  on.  There  were  no  other  obvious  smells  detected  during 
sampling. 

During  the  entire  sampling  period,  two  M8  chemical  agent  alarms 
were  operated  continuously.  There  were  no  audible  signals  produced,  nor 
did  the  zero  needle  show  a  deflection  greater  than  zero.  The  M8  chemical 
agent  alarms  were  operated  by  a  Sgt.  Lee  from  the  NBC  school  who  was 
thoroughly  knowledgeable  about  the  operation  of  the  detector. 

D.  Fort  Bliss  Sampling  Trip  and  Incident  Investigation, 

8-~9  November 79BZ~^ 

Samples  were  collected  for  hydrogen  fluoride  (HF),  sulfur  dioxide, 
acrolein,  semi-volatile  organic  compounds  with  charcoal  tubes,  and 
volatile  organic  compounds  on  Porapak  N  tubes.  The  TFE  grommets  In  the 
units  tested  were  removed  and  sent  to  the  laboratory  after  the  Initial 
air  testing  was  completed. 

itydrogen  Fluoride 

Fluoride  samples  were  analyzed  using  a  modification  of  NIOSH 
method.  The  NIOSH  method  states  that  the  samples  should  be  collected  in 
Impingers  containing  0.1  JY  NaOH.  The  samples  collected  in  0.1  N  NaOH 
were  damaged  during  shipping,  so  they  could  not  be  analyzed.  As  an 
alternative,  we  analyzed  the  fluoride  in  the  impinger  solutions  used  for 
sulfur  dioxide.  These  impinger  solutions  contain  a  hydrogen  peroxide 
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solution  adjusted  to  pH  »  5.  This  change  In  the  inpinger  solution  from 
the  standard  method  may  reduce  the  collection  efficiency,  so  the  results 
reported  may  be  low.  They  should,  however,  be  comparable,  so  any  trends 
observed  In  the  data  will  reflect  actual  conditions  in  the  ICC  shelter. 
The  data  Is  presented  In  Table  2.  The  highest  fluoride  levels  obse/ved 
were  during  the  first  30  minutes  of  heating  In  the  high  heat  mode.  The 
next  hour  of  heating  had  a  lower  fluoride  level.  The  next  hour  of 
heating  was  done  on  the  low  heat  mode,  and  even  lower  fluoride  levels 
were  observed.  Fluoride  was  not  detectable  In  the  air  samples  after  the 
TFE  grommets  were  removed.  It  was  not  detectable  in  the  ambient  air. 

Sulfur  Dioxide 

Sulfur  dioxide  was  analyzed  using  NIOSH  method  P4CAM  146.  The 
results  are  presented  In  Table  2.  The  results  indicate  that  the  ambient 
air  at  Fort  Bliss  contains  low  levels  of  sulfur  dioxide.  These  levels 
are  typical  for  many  areas  In  the  United  States.  There  Is  nc  evidence 
that  the  sulfur  dioxide  levels  are  elevated  Inside  the  ICC  shelter. 

Acrolein 

Acrolein  was  analyzed  using  NIOSH  method  PSCAM  118.  The 
results  are  presented  In  Table  2.  No  acrolein  was  found  either  inside  or 
outside  the  ICC  shelter. 

Serai-Volatile  Organic  Compounds 

Semi-volatile  organic  compounds  were  collected  on  standard 
charcoal  tubes  purchased  from  SKC  Corp.  (Catalogue  No.  226-09).  The 

collected  organic  compounds  were  eluted  with  carbon  disulfide  and  were 
analyzed  by  capillary  gas  chrcmatogt aphy  with  flame  Ionization 

detection.  The  method  has  been  described  In  detail  in  an  earlier 
report.  The  results  are  presented  In  Table  2.  No  compounds  less 

volatile  than  toluene  were  detected  In  significant  amounts  In  the  ICC 

shelter. 
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TABLE  2 

SlfMARY  OF  AIR  SAMPLE  CHEMICAL  ANALYSIS  TAKEN  ON 
10  NOVEMBER  1982  FROM  ICC  SHaTER  EQUIPPED  WITH 
TWO  PATRIOT  HEATER/AIR  CONDITIONER  UNITS 


Sample  Description 

Reported  Fluoride 

In  Air* 

mg/nr  F~  ug/m^ 

.&> 

Semi- 

Volatlle 

Organics 

Acrolein 

High  heat  with  teflon 
0.5  h  at  1.45  1/nrin 

0.010 

10. 

0.1 

ND 

• 

<0.00 

High  heat  with  teflon 
1.0  h  at  1.45  1/taln 

0.004 

4. 

0.5 

NO 

<0.06 

Low  heat  with  teflon 

1.0  h  at  1.45  1/mln 

0.002 

2. 

0.2 

ND 

<0.06 

High  heat  without 
teTon  1.0  h  at 

1.45  1/mln 

0.002 

2. 

0.1 

ND 

<0.06 

Ambient  air 

1.0  h  at  1.45  l/mir: 

0.002 

2. 

0.5 

ND 

<0.06 

Method  Detection  Limit 

0.002 

2. 

0.1 

0.06 

*H202  solution. 

**ND  ■  No  blank  corrected  peaks  larger  than  0.53  mg/m^  toluene  eluting 
after  toluene. 
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Volatile  Organic  Compounds 

Volatile  organic  compounds  were  collected  on  Porapak  N  tubes 
following  EPA  Method  603,  Federal  Register,  Vol.  44,  No.  233,  Monday,  3 
December  1979  as  a  guideline.  Prior  to  saimle  collection  the  Porapak  N 
sampling  tubes  were  spiked  with  surrogate  tracer  material  to  monitor  the 
retention  of  the  adsorbent.  The  analysis  was  performed  by  thermally 
desorbing  the  volatile  organics  from  the  sample  tube  into  the  SC/MS  using 
packed  column  chromatography.  The  method  is  described  In  detail  in  the  4 
October  1 982  report.  The  results  are  summarized  in  Table  3.  Mo  volatile 
organics  were  detected  during  the  first  half  hour  of  operation.  During 
the  next  three  hours,  very  low  levels  of  several  solvents  were  detected. 
Those  solvents  were  toluene,  pentane,  and  2-ethoxyethanol-  acetate. 
Toluene  was  confirmed  by  standard  reference  material,  whereas  the  other 
solvents  have  only  been  tentatively  Identified  by  library  search.  No 
acrolein  was  detected  and  no  evidence  of  fluorfnated  hydrocarbons  was 

detected  by  the  method.  Porapak  N  studies  discussed  in  detail  In  Section 
IV. A  of  this  report,  have  shown  that  Porapak  N  would  effectively  trap 

many  of  the  expected  decomposition  products  of  TFE. 

Surrogate  recoveries  are  summarized  in  Table  4.  The  recovery 
for  both  surrogates  was  quantitative  (+100  percent)  during  the  first  half 
hour  of  sampling.  No  spike  was  Included  on  the  sample  tube  for  the 
second  1.0  hour  sample  tube.  The  third  and  fourth  1.0  hour  sample  tube 
recoveries  were  variable,  with  0  percent  recovery  for  acrylon1tr11e-d3 
and  quantitative  recovery  of  2-fluorobenzene  at  77  and  85  percent 

respectively. 

The  volatile  organic  analysis  chromatograms  for  the  four 
samples  collected  on  10  November  1982  at  Fort  Bliss,  Texas,  are  shown  In 
F-fgures  1  through  5  with  the  spiked  trip  blank.  The  largest  peak  in  all 
RIC  chromatograms  (the  bottom  graph)  at  scan  480  +  2  scans  Is  the 

surrogate  2-fluorobenzene-5  and  the  internal  standard  benzene-d6.  The 
peak  represents  3.2  ug  of  materials.  In  the  0.5  hour  air  sample  it  would 
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TABLE  3 

SlfMARY  OF  RESULTS  OF  VOLATILE  ORGANICS  SAMPLES  CO*  LECTED 
10  NOVEMBER  1982  FROM  ICC  SHELTER 


SAMPLE  DESCRIPTION 


COMPOUNDS  CONC.  (mg/m3 


High  heat  with  TFE  0.5  hour 
High  heat  with  TFE  1.0  hour 

Low  heat  with  TFE  1.0  hour 
High  heat  without  TFE  1.0  hour 


None  detected 

NO 

Pentane 

0.07(1) 

Toluene 

0.01 

fylene 

0.01  0) 

Toluene 

0.06 

2-Ethoxyethanol acetate 

0.07O) 

Toluene 

0.03 

2-Ethoxyethanol acetate 

o.i  n ) 

(1)  Estimated  concentrations  based  on  Internal  standard  response 
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High  heat  with  TFE  0.5  hour 
High  heat  with  TFE  1.0  hour 
Low  heat  with  TFE  1.0  hour 
High  heat  without  TFE  1.0  hour 


122 

No  spike  added 
0 
0 


At-l 


104 

No  spike  added 
77 
85 


FIGURE  2 

[,  0.5  HR.  HIGH  HEAT 


FIGURE  3 

INSIDE  AIR,  1.0  HR,  HIGH  HEAT 


FIGURE  4 

INSIDE  AIR,  1.0  HR,  HIGH  HEAT,  NO  GROMMETS 


FIGURE  5 
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represent  1.2  mg/v?  and  In  the  1.0  hour  sables  It  would  equal  0.7 
mg/ra^.  The  detection  limit  of  the  method  Is  estimated  to  be  0.01 

3 

mg/m  for  the  volatile  materials  of  Interest. 

The  upper  graph  Is  an  extracted  Ion  current  profile  of  mass  69 
m/z  (miss  to  charge  ratio).  Ion  69  Is  the  mass  fragment  CF3.  It  is  a 
comnon  fragment  of  perfluorfnated  hydrocarbons,  and  Is  found  to  be 
present  In  most  of  the  compounds  detected  by  collection  of  the  TFT 
outgasslng  products  In  the  experiments  conducted  on  the  TFE  grommets 
discussed  In  Section  IY.A.  Should  fluorlnated  compounds  of  molecular 

3 

weight  131-388  have  been  present  at  concentrations  of  0.01  mg/m  or 
greater,  mass  peaks  wjuld  have  probably  been  detected  by  the  method. 
However,  since  no  mess  peaks  are  present,  other  than  those  also  present 
In  the  blanks.  It  Is  reasonable  to  conclude  that  the  TFE  decomposition 
products  are  not  detectable  due  to  their  Indlvl&ial  concentrations  being 
less  than  0.01  mg/ia^. 

Gravimetric  Analysis  of  TFE  Grqmmets 

The  TFE  grommets  In  each  of  the  heater/air  conditioner  units 
were  carefully  removed  and  sent  to  the  laboratory.  Each  gnxnaet  from  the 

units  was  weighed,  and  the  results  were  compared  to  a  new  set  of  gromnets 

obtained  from  the  manufacturer  of  the  units;  keco  Industries.  The 
results  are  presented  In  Table  5.  The  average  weight  of  the  used 
grommets  In  both  of  the  units  was  lower  than  the  new  grommets.  If  the 
grommets  removed  from  the  units  Initially  had  the  sane  weight  as  the  new 
grommets,  then  a  total  weight  loss  can  be  calculated.  An  average  grommet 

In  unit  801163  lost  0.067  grams  of  TFE.  The  total  amount  of  TFE  lost  In 

unit  801163  was  1.005  grams.  Since  TFE  Is  76  percent  fluorine,  this 
corresponds  to  760  mg  of  fluorine  that  was  lost  from  the  grommets.  In 
unit  81014  the  average  loss  was  0,25  grams  and  the  total  loss  was  3.75 
grams.  This  corresponds  to  2.85  grams  {2850  mg)  of  fluorine.  The  total 
amount  of  fluorine  lost  from  both  units  was  3.61  grams  {3610  mg). 
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In  the  19  October  1982  report  on  the  PATRIOT  Heater/Air 
Conditioners  a  worst  case  risk  analysis  was  used.  In  this  model  we 

assume  that  all  of  the  material  Is  released  Into  the  shelter  at  one  time, 
and  that  there  Is  no  dilution  of  the  contaminants.  The  Inside  of  the 
shelter  Is  14.4  m3.  With  these  assumptions,  the  predicted 

3 

concentration  of  TFE  decomposition  products  Is  251  mg/m  . 

There  are  no  officially  accepted  Threshold  limit  Values  (TlYs) 
for  decomposition  products  of  TFE.  In  1961  The  American  Conference  of 
Governmental  Industrial  tyglenlsts  recommended  a  TLV  of  0.05  mg/m3  as 

fluoride.  ^  This  recommendation,  however,  has  not  been  adopted. 
TLY's  for  some  Inorganic  fluorine  compounds  which  are  measured  by  the 
hydrolyzable  fluoride  analysis  are  presented  In  Table  6.  Other 

authors  have  reported  that  polymer  fuse  fever  can  occur  at  hydrolyzable 
fluoride  concentrations  as  low  as  0.05  ug/m3. *3*  The  worst  case  risk 
assessment  Indicates,  therefore,  that  the  concentration  of  decomposition 
products  could  be  over  5,000  times  higher  (251  mg/a3)  than  the 

concentrations  which  cause  symptoms  (0.05  eg/*3). 
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TABLE  5 

GROMMET  WEIGHTS,  FORT  BLISS  SAMPLING 
10  NOVEMBER  1982 

New  Grommets  Unit  801163  Unit  81014 

(grams)  (grains)  (grains) 


t 

1.433 

1.309 

1.310 

t 

1.370 

1.310 

1.242* 

} 

1.397 

1.333 

1.081* 

* 

1.419 

1.303 

0.972* 

> 

1.367 

1.314 

1.032* 

> 

t 

1.393 

1.427 

1.106* 

1.385 

1.308 

1.150* 

1.406 

1.301 

1.079* 

i 

1.408 

1.299 

1.190* 

f 

1.408 

1.299 

1.190* 

? 

1.368 

1.294 

1.118* 

1 

4 

1.404 

1.314 

1.208* 

1.295 

1.198* 

> 

f 

1.345 

1.109* 

A 

* 

1.417 

1.196* 

J 

% 

bi-AN 

1.394 

1.327 

1.144 

'i 

> 

S.O. 

0.019 

0.042 

0.086 

J 

M 

12 

15 

15 

a  ■ 

Total 

Fluoride  Lost 

0 

1.00 

3.75 

♦Visibly  beat  damaged. 
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TABLE  6 


TLV's  FOR  SEYERAL  SELECTED  FLUORINATED  COMPOUNDS 


Carbonyl  Fluoride 


1 5.  flKj/m* 


Fluorine 


Fluoride  dust 


Hydrogen  Fluoride 


2  mg/nf 


2.5  mg/raJ  as  F 


2  mg/nT 


A/ 
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III.  HYDROLYZABLE  FLUORIDE  ANALYSIS  IN  PATRIOT  SHELTERS  AT  FORT 
BLISS  AND  WHITE  SANDS  AFTER  GROWET  REMOVAL 

A.  Introduction 

Based  on  the  weight  loss  and  obvious  damage  to  TFE  grommets  the 
presence  of  hydrolyzable  fluoride  in  the  3  November  1 982  incident  at  Fort 
Bliss,  MERADCOM  decided  to  remove  all  TFE  grommets.  It  was  decided  and 
concurred  by  PATRIOT  Missile  Office  to  subject  all  enclosures  in  use  at 
Fort  Bliss,  Texas  and  White  Sands,  New  Mexico  to  the  same  test  series 
done  on  the  3  November  1982  Fort  Bliss  shelter.  The  plan  was  reviewed  by 
VSE/Versar  and  U.S.  AEHA  staff  In  detail  prior  to  beginning  the  field 
sampling  and  testing.  Two  air  sampling  pumps  were  borrowed  from  AEHA  to 
collect  some  specialized  AEHA  sorption  tubes  as  back-up  to  the  standard 
Porapak  N  tubes.  No  Indications  of  detectable  organics  were  found  and 
extra  sorption  tubes  were  not  analyzed. 


Field  sampling  was  conducted  on  22  November  1982  at  Fort  Bliss  and 
on  23  November  1982  at  White  Sands  Missile  Range.  Seven  shelters  were 
sampled  while  the  heater/air  conditioners  on  each  shelter  were  operated 
in  the  high  heat  mode.  During  all  tests,  there  were  no  TFE  grommets  in 
position  and  therefore  no  TFE  available  to  be  exposed  to  the  heated 
portions  of  any  of  the  heater  rods  in  a  heater/air  conditioner.  Air 
samples  were  collected  for  the  following  target  parameters: 


Hydrogen  fluoride 
Acrolein 

Semi-volatile  organic  compounds 
Volatile  organic  compounds 

Similar  to  the  sampling  conducted  on  10  November  1982,  the  M8  chemical 
agent  alarm  was  used  during  all  sampling  activities  when  air  was  being 
monitored  in  each  shelter.  The  M8  chemical  agent  alarm  was  operated  by 
Sgt.  Lee  of  the  NBC  school  located  at  Fort  Bliss.  Sgt.  Lee  traveled  with 
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Versar  personnel  to  White  Sands  Missile  Range  to  operate  the  M8  chemical 
agent  alarm  during  sampling. 

The  development  of  the  target  parameter  list  was  made  based  upon 
recommendations  from  US  AEHA  and  review  of  analytical  results  from  both 
previous  sampling  trips  ard  results  from  the  thermal  degradation  studies 
conducted  earlier  in  the  project  by  Versar.  The  major  emphasis  for  this 
trip  was  to  quantify  air  concentrations  In  each  shelter  for  hydrolyzable 
fluoride.  The  use  of  the  M8  chemical  agent  alarm  during  this  sampling 
trip  was  recommended  by  US  AEHA.  Versa r  also  collected  air  samples  on  a 
specially  prepared  organic  sorbent  tube  at  each  shelter  for  analysis  by 
US  AEHA  (sampling  tubes  were  also  prepared  by  US  AEHA).  These  special 
air  samples  were  submitted  to  US  AEHA  upon  return  from  the  sampling  trip. 

B.i  Sampling 

All  sampling  procedures  were  either  recommended  or  approved  EPA 
and  NIOSH  methods  for  the  target  parameters  of  Interest.  As  mentioned 
above,  air  samples  were  collected  for  both  specific  chemical  constituents 
and  general  chemical  groups  using  Implnger  solutions,  Porapak  sorbent 
tubes,  and  charcoal  sorbent  tubes.  The  special  air  sampling  tube  was 
collected  for  US  AEHA  to  perform  their  organic  analysis.  The  tube 
consisted  of  a  front  section  of  Tenax  SC  sorbent  material  and  a  back 
section  of  Ambersorb  sorbent  material.  The  M8  chemical  agent  alarm  was 
operated  In  each  shelter  continuously  during  sampling.  A  total  summary 
of  samples  collected  at  both  Fort  Bliss  and  White  Sands  Missile  Range  are 
presented  In  Tables  7  and  8. 

All  sampling  activities  were  conducted  for  a  one  hour  duration 
at  each  shelter  described  In  Tables  7  and  8.  All  TFE  grommets  had  been 
removed  from  all  heater/air  conditioner  units  tested  prior  to  sampling 
activities  by  MERADCOM  personnel. 
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TABLE  7 

SlftWRY  OF  AIR  SAMPLES  COLLECTED  ON  22  NOVEMBER  1982  AT 
FORT  BLISS  FROM  VARIOUS  SHELTERS  EQUIPPED  WITH 
PATRIOT  HEATER/AIR  CONDITIONER  UMITS 


ECS  CRG  ICC  Hake-up  Total 

Shelter*  Shelter**  Shelter***  Air  Summary 


O.IN  NaOH  impinger  2 

1  percent  NaHSOg  2 

impinger 

Porapak  Tubes  1 

Charcoal  Tubes  1 


Tenax/Ambersorb  Tubes  1 
M8  Chemical  Agent  Alarm  1 

TOTALS  8 


2  2  2 

2  2  2 

1  1  1 

1  1  1 

1  1  1 

1  1 

8  8  7 


8 

8 

4 

4 

4 

3 

31 


*  Curbside  unit  was  SN  801167;  Roadside  unit  was  SN  81001. 

**  Curbside  unit  was  SN  801198;  No  roadside  unit  required  on  this 
shelter. 

***  Curbside  unit  was  SN  81014;  Roadside  unit  was  SN  801163. 


/V-55* 
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TABLE  8 

SIM4ARY  OF  AIR  SAMPLES  COLLECTED  ON  23  NOVEMBER  1982  AT 
WHITE  SANDS  MISSILE  RANGE  FROM  VARIOUS  SHaTERS  EQUIPPED  WITH 
PATRIOT  HEATER/AIR  CONDITIONER  UNITS 


CRG 

Shelter* 

ECS 

Shelter** 

ECS 

Shelter*** 

ICC 

Shelter* 

Make-up 

Air 

Total 

Summary 

0.1N  NaOH 

2 

2 

2 

2 

2 

10 

Impl nger 

1  percent 

2 

2 

2 

2 

2 

10 

NaHS03 

Impl nger 

Porapak  Tubes 

1 

1 

1 

1 

1 

5 

Charcoal  Tubes 

1 

1 

1 

1 

1 

5 

Tenax/Ambersorb 

1 

1 

1 

1 

1 

5 

Tubes 

M8  Chemical  Agent  1 

1 

1 

1 

«• 

4 

Alarm 

TOTALS 

8 

8 

8 

8 

7 

39 

*  Curbside  unit  was  $N  801173;  No  roadside  unit  required  on  this 

shelter.  Shelter  was  located  at  Elephant  Mountain. 

**  Curbside  unit  was  SN  81002;  Roadside  unit  was  $N  81004.  Shelter  was 
located  at  Dog  Sits. 

***  Curbside  unit  was  SN  801177;  Roadside  unit  was  SN  81003.  Shelter 

was  located  at  LC-38. 

+  Curbside  unit  was  SN  801164;  Roadside  unit  was  SN801169.  Shelter 

was  located  at  LC-38. 
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All  samples  except  the  Tenax /Ambers  orb  tubes  were  submitted  to 
Versar's  analytical  laboratory  on  24  November  1982  for  analysis.  The 
Tenax/Anbersorb  tubes  were  submitted  to  the  US  AEHA  analytical  laboratory 
on  29  November  1982 

During  all  sampling  activities,  the  M8  chemical  agent  alarm  was 
operated  by  Sgt.  Lee  and  at  no  time  was  an  audible  signal  heard 

indicating  presence  of  potential  Irritant  air  borne  chemicals.  Sampling 
personnel  and  US  Army  support  personnel  were  in  and  out  of  the  shelters 
during  heater  operation  and  no  unusual  odors  were  noticed,  ncr  did 
personnel  feel  any  adverse  health  effects  as  a  result  of  being  Inside  the 
heated  shelter. 

C.  Fort  Bliss  and  White  Sands  Sampling  Trip,  22  and  24  November 

M 

In  this  sampling  trip  seven  different  PATRIOT  Heater/Air 
Conditioners  were  sampled  for  hydrolyzable  fluoride,  chloride,  acrolein, 
semi-volatile  organic  compounds  and  volatile  organic  compounds.  At  Fort 
Bliss  three  shelters  were  sampled;  #801167  (curbside)  and  #61001 

(roadside)  In  the  ECS  shelter,  #81014  (curbside)  and  #801163  (roadside) 
In  the  ICC  shelter,  and  #801198  In  the  CRG  shelter.  At  White  Sands  four 
units  were  sampled;  #81002  (curbside)  and  #81004  (roadside)  In  the  ECS 
shelter,  #801177  (curbside)  and  #81003  (roadside)  In  the  ECS  shelter, 
#801164  (curbside)  and  #801169  (roadside)  In  the  ICC  shelter,  and  #801173 
In  the  CRG  shelter.  Ambient  air  ?amples  were  collected  at  both  Fort 
Bliss  and  White  Sands.  The  TFE  grommets  were  removed  from  all  of  the 
units  before  sampling. 

Hydrolyzable  Fluoride 

Hydrolyzable  fluoride  air  analyses  were  performed  using  NIOSH 
Method  P8CAM  117.  The  fluoride  results  are  presented  In  Table  9.  No 

fluoride  was  detected  In  the  ambient  samples,  and  no  fluor*de  was 
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TABLE  9 

SUMMARY  OF  AIR  SAMPLE  CHEMICAL  ANALYSIS  TAKEN  ON 
22-23  NOVEMBER  1532  FROM  ICC  SHELTER  EQUIPPED 
WITH  TWO  PATRIOT  HEATER/AIR  CONDITIONER  UNITS 


Hydrolyzable  Hydrolyzable  Serai 

Uhlt  Fluoride  Fluoride  Volatile 


Cite 

# 

Duplicate  A 

Duplicate  8 

Chloride 

Acrolein 

Oraanlcs* 

AraMent, 
Fort  Bliss 

N.D. 

N.D. 

N.D. 

N.D. 

N.D. 

ECS,  Fort 
Bliss 

801167 

2 

N.D. 

N.D. 

N.D. 

N.D. 

ICC,  Fort 
Bliss 

£1014 

N.D. 

N.D. 

N.D. 

N.D. 

N.D. 

CRG,  Fort 
Bliss 

801198 

N.D. 

N.D. 

N.D. 

N.D 

N.D. 

Aablent, 

Elephant 

Mountain 

(VSKR) 

— 

N.D. 

N.D. 

N.D. 

N.D. 

N.D. 

ECS,  HSMR 

81002 

3 

3 

N.D. 

N.D. 

N.D. 

ECS,  WSHR 

801177 

1 

1 

N.D. 

N,L>. 

N.D. 

ICC,  WSMR 

801164 

N.D. 

N.D. 

N.D. 

N.D. 

N.D. 

CRG,  MSMR 

801173 

N.D. 

N.D. 

N.D. 

N.D. 

N.D. 

Method  Detection 
Halt 

1 

1 

180 

60 

* 

Numbers  are  In  ug/m3. 


*No  blank  corrected  peaks  larger  than  0.53  mg/m3  toluene  eluting  after 
toluene. 
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detected  In  four  of  the  units.  In  the  remaining  three  units  very  low 
levels  of  hydrolyzable  fluoride  were  found.  These  levels  are  well  below 
the  TLVs  for  TFE  decomposition  products. 

Chi orl de 

Chloride  In  air  analyses  were  done  using  NIOSH  Method  P4CAM 
115.  The  results  are  presented  In  Table  9.  No  chloride  was  detected  In 
any  of  the  samples. 

Acrolein 

Acrolein  was  analyzed  using  NIOSH  method  PACAM  118.  The 
results  are  presented  In  Table  9.  No  acrolein  was  found  In  any  of  the 
samples. 


Semi -Volatile  Organic  Compounds 

Semi -volatile  organic  compounds  were  analyzed  using  the  method 
previously  described.  The  results  are  presented  In  Table  9.  No 
significant  amounts  of  seal-volatile  organic  compounds  were  found  In  the 
samples. 

Volatile  Organic  Compounds 

Volatile  organics  were  determined  using  the  EPA  Method  603  as 
described  In  Section  II  of  this  report.  The  results  are  susmarfzed  In 
Table  10.  Small  amounts  of  solvent  materials  were  detected  in  five  of 
the  seven  units  tested.  These  volatile  organic  compounds  were  toluene, 
xylene,  tn'chloroethane  and  2 -ethoxvethanol acetate.  No  acrolein  was 
detected.  Also,  there  was  no  evidence  of  fluorfnated  hydrocarbons  at  the 
estimated  detection  limit  of  0.01  mg/ra^.  Surrogate  recoveries  are 
listed  In  Table  11. 

The  GC/MS  analysis  chromatograms  of  the  seven  units  are  shown 
In  Figures  6  through  13.  No  volatile  organic  component  peaks  are  present 
In  the  lower  RIC  graph  In  equal  or  greater  concentrations  than  the 
surrogates  or  the  Internal  standard. 
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TABLE  10 

rjLAHLE  ORGANICS  S1MIAXY 


SAMPLE  DESCRIPTION 

UNIT 

COMPOUNDS 

CONC.  (ng/n3 

ECS,  Fort  Bliss 

801167 

Toluene 

fylene 

o  o 

88 

ECS,  Fort  Bliss 

81014 

None  Detected 

NO 

CRG,  Fort  811ss 

801198 

Toluene 

0.06 

ECS,  White  Sands 
Missile  Range 

81002 

Toluene  0.04 

Trlchloroethane  0.0211' 

2-Ethoxyethanol acetate  0.1  ” ' 

ECS,  White  Sands 
Missile  Range 

801177 

None  Detected 

NO 

ICC,  White  Sands 
Missile  Range 

801164 

Toluene 

0.03 

CRG,  White  Sands 
Missile  Range 

801173 

Toluene 

0.02 

(1 )  Estimated  concentrated  based  on  Internal  standard  response. 
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TABLE  11 

SURROGATE  RECOVERIES 

PERCENT  RECOVERY 

SAMPLE  DESCRIPTION  UNIT  #  ACRYL0NITRIL£-d3  2-F1uorcbenzene-d5 


ECS,  Fort  Bliss 

801167 

18 

100 

ECS,  Fort  Bliss 

81014 

43 

85 

CRG,  Fort  Bliss 

801198 

54 

92 

ECS,  White  Sands 
Missile  Range 

81002 

105 

108 

ECS,  White  Sands 
Missile  Range 

801177 

62 

no 

ICC,  White  Sands 
Missile  Range 

801164 

0 

65 

CRG,  White  Sands 

801173 

39 

96 

//-y/ 


FIGURE  6 

SPIKED  TRIP  RLANK,  22-23  NOVEMBER  1982 


FIGURE  7 

INSIDE  AIR,  ECS,  FORT  BLISS,  TEXAS 
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FIGURE  9 

INSIDE  AIR,  ICC,  FORT  BLISS.  TEXAS 
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Also,  Ion  69  of  CF3  Is  shown  in  the  upper  graph,  and  no  mass 
peaks  are  present.  This  indicates  that  the  concentration  of  individual 
component  TFE  outgas  products  that  are  trapped  on  Porapak  M  of  molecular 
weight  131  and  greater,  are  of  less  than  0.01  mg/m^. 

gravimetric  Analysis  of  Used  Grommets 

KERA0C0M  personnel  removed  the  grommets  from  a  number  of 
PATRIOT  Heater/Air  Conditioners.  The  grommets  from  each  unit  were  put  in 
plastic  bags  and  were  given  to  Versar  personnel  at  Fort  Sliss.  The 
personnel  collecting  the  grommets  did  not  know  that  they  would  be  used  as 
samples,  so  they  were  removed  forcefully  and  many  of  them  were 
mechanically  damaged.  Due  to  the  damage  we  did  a  modified  gravimetric 
analysis.  The  results  are  presented  in  Table.  12.  Two  of  the  columns  in 
Table  12  deserve  special  attention.  Col unn  two  is  the  mean  weight  of  the 
grommets  which  were  not  mechanically  damaged.  The  weight  of  these 
grommets  can  be  compared  to  the  weight  of  new  grommets  which  is  1.394 
grams.  The  smallest  average  weight  loss  was  0.031  grams  in  unit  #81003. 
The  largest  average  weight  loss  was  0.433  grams  in  unit  #M315  (a  research 
and  development  unit).  A  weight  loss  was  observed  in  every  set  of 
grommets.  Col  win  four  is  the  number  of  heat  damaged  grommets  over  the 
total  number  of  grormets  examined.  Some  of  the  grommets  were 
mechanically  damaged  during  removal,  but  it  was  still  possible  to  see 
whether  there  had  been  obvious  heat  damage  on  the  grommets.  Unit  #801162 
had  the  least  visible  damage.  Of  the  15  recognizable  grommets  sampled 
none  of  them  were  visibly  heat  damaged.  Unit  #N315  had  the  most  visible 
damage.  Of  the  eight  recognizable  grommets  in  the  sample,  all  eight  were 
heat  damaged.  These  results  show  that  the  TFE  gronmets  have  decomposed 
In  all  of  the  PAVR.'OT  Heater /Air  Conditioners  sampled.  In  some  cases  the 
decomposition  has  been  fairly  minor,  while  in  other  cases  it  has  been 
severe. 
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801173 
M336 


TABLE  12 

GRAVIMETRIC  ANALYSIS  OF  TFE  GROMMETS 


Mean  Wolght  Number  of 

Undamaged  Grommets  Undamaged  Grommets 


1.303 

1.348 


Heat  Damaged  Grommets 
Recognizable  Grommets 


81 002 

1.357 

9 

0/13 

81004 

1.325 

9 

1/13 

801184 

1 .289 

6 

0/8 

N327 

1.062 

4 

4/7 

N31 5 

0.961 

4 

8/8 

N314 

1.208 

1C 

14/14 

N329 

1.339 

8 

1/10 

— 

1.334 

8 

0/13 

801162 

1.306 

11 

0/15 

801172 

1.319 

11 

0/12 

801167 

1.209 

6 

3/8 

801183 

1.323 

11 

0/13 

8011 98 

1.35: 

14 

1/15 

801177 

1.322 

9 

1/15 

801164 

1.257 

7 

0/13 

81003 

1.363 

7 

0/11 

81001 

1.226 

5 

14/15 

801169 

1.301 

10 

0/11 

These  experiments  were  Intended  to  determine  the  major  products  of 
the  decomposition  of  TFE  groonets  in  contact  with  a  heater  rod  from  a 
PATRIOT  Heater /Air  Conditioner.  We  also  attempted  to  relate  the  quantity 
of  tiie  various  products  found  to  the  weight  loss  of  the  grommet.  The 
experimental  apparatus  Is  shown  In  Figure  14.  Briefly,  the  heater  rod 
was  connected  to  a  206  Yolt  source  and  the  end  of  the  rod  was  placed 
about  20  cm  Inside  a  2.5  cm  ID  glass  tube.  The  end  of  the  glass  tube 
where  the  heat  rod  entered  was  bathed  In  a  stream  of  purified  air.  A 
sampling  manifold  was  connected  to  the  other  end.  With  this 
configuration  the  purified  air  entered  the  tube,  passed  over  the  TFE 
grommet  on  the  end  of  the  rod,  and  was  pulled  Into  the  sampling 

manifold.  The  grommets  were  placed  between  0.3  cm  and  1.5  cm  from  the 
end  of  the  rod. 

The  air  entering  the  sampling  manifold  was  analyzed  for  hydrolyzable 
flouride,  acrolein,  semi -volatile  compounds,  and  volatile  organic 
compounds  In  the  Initial  experiments.  Later  experiments  concentrated  on 
hydrolyzable  fluoride. 

Hydrolyzable  Fluoride 

The  results  of  the  experiments  are  presented  in  Table  13. 
Experiments  1  and  5  were  run  without  TFE  grommets  on  the  rod.  As 

expected,  no  fluoride  was  produced  In  these  experiments.  In  experiment  2 
the  TFE  grommet  slipped  on  the  rod  during  heating  and  got  very  close  to 
the  end  of  the  tube.  This  probably  caused  the  apparently  low  fluoride 

recovery.  In  all  of  the  other  experiments  the  gronmet  was  held 

stationary  on  the  rod  with  stainless  steel  clips.  A  number  of  things  are 
apparent  In  the  data.  The  grommets  lose  less  weight  when  they  -ire  held  3 


mm  from  the  end  of  the  rod  than  when  they  are  held  8  mm  or  15  mm  from  the 


FIGURE  14  EXPERIMENTAL  APPARATUS 
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TABLE  13 

RESULTS:  DECOMPOSITION  EXPERIMENTS 


Experiment 

Number 


Gromnet  Initial  Final 
Position  Weight  g  Weight  g 


Hydrolyzable  Percent 
Weight  Fluoride  Accounted 
Loss  g  Found,  mg  For 


1 

no  g rennet 

— 

— 

— - 

N.0. 

2 

varied 

1.373 

1.171 

0.202 

7.8 

5.1 

3 

3  mm 

1.396 

1.309 

0.087 

18.5 

27.9 

4 

3  on 

1.395 

1.206 

0.189 

44.3 

30.9 

5 

no  gronmet 

— 

— 

— 

N.D. 

— 

6 

3  on 

1.399 

1.396 

0.003 

0.71 

23.7 

7 

3  on 

1.382 

1.362 

0.020 

6.3 

31.3 

8 

15  mm 

1.414 

1.181 

0.233 

48.1 

20.6 

9 

8  mm 

1.392 

1.294 

0.098 

32.7 

33.4 

10 

3  mra 

1.440 

1.392 

0.048 

14.1 

29.4 

n 

8  mo 

1.392 

1.082 

0.31 

107 

34.5 

12 

15  mm 

1.404 

1.027 

0.377 

81.8 

21.7 
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end  of  the  rod.  This  is  expected  since  the  grommet  is  closer  to  the 
heated  portion  of  the  rod  in  the  latter  two  positions.  The  weight  loss 
of  the  grommet  can  be  converted  to  a  weight  loss  of  fluoride  since  the 
TFE  grommets  are  76  percent  fluorine  by  weight.  The  percent  of  fluoride 
accounted  for  is  the  ratio  of  the  hydrolyzable  fluoride  found  to  the 
calculated  amount  of  fluoride  lost  from  the  grommet.  Excluding 
experiment  2  where  the  grommet  slipped  on  the  rod,  the  percent  accounted 
for  ranged  from  20.6  to  34.5  percent.  Given  the  difficulty  of 
reproducing  the  exact  same  contact  of  the  gronaet  with  the  rod  In  each 
experiment,  this  Is  surprisingly  consistent.  The  data  shows  that  a 
substantial  amount  of  the  fluoride  lost  will  consistently  show  up  as 

hydrolyzable  fluoride. 

Experiments  10  and  11  were  run  for  60  minutes  and  45  minutes, 
respectively.  During  these  two  experiments  samples  were  taken  in  15 
minute  Intervals.  There  were  four  15  minute  fluoride  samples  in 

Experiment  10,  and  three  samples  In  experiment  11.  The  detailed  data 
from  these  experiments  are  presented  In  Table  14.  In  Experiment  10  the 
grommet  was  3  ma  from  the  end  of  the  rod.  The  fluoride  level  in  this 
experiment  apparently  increased  during  the  first  15  minutes,  and  reached 
a  slowly  decreasing  plateau  between  15  and  60  minutes.  In  Experiment  11 
where  the  grommet  was  8  mm  from  the  end  of  the  rod  the  highest  fluoride 

level  was  observed  in  the  first  15  minutes.  The  fluoride  level  then 

continually  decreased.  These  data  are  supported  by  the  visual 
observations  of  the  experiments.  In  Experiment  10  the  grommet  slowly 
heated  up  and  turned  from  white  to  a  translucent  gray  color.  At  about  10 
minutes  into  the  experiment  the  surface  touching  the  rod  began  to  bubble, 
and  this  continued  for  the  rest  of  the  experiment.  In  Experiment  11  the 
grommet  turned  from  white  to  translucent  gray  sooner.  White  vapors  came 
off  the  grommet  and  it  was  bubbling  vigorously  during  the  first  15 
minutes.  A  substantial  portion  of  the  grommet  had  been  vaporized  during 
the  first  15  minutes.  The  amount  of  vapor  and  the  bubbling  decreased  for 
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TABLE  14 

EXPERIMENTS  10  AND  11 
HEIGHT  LOSS  VERUS  TIME 


Time 

Experiment  10,  Hydrolyzable 
Fluoride  Found,  ng 

Experiment  11,  Hydrolyzable 
Fluoride  Found,  mg 

0-15 

2.1 

62.6 

15-30 

4.2 

32.4 

30-45 

4.0 

12.0 

45-60 

3.8 

Experiment  finished 

A/ -SI- 


g 

I 

9 


51 

the  rest  of  the  experiment  because  there  was  less  grommet  left  In  contact 
with  the  rod.  Most  of  the  grommet  In  direct  contact  with  the  rod  was 
vaporized  within  the  first  30  art  notes. 


9 
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The  experiments  attempted  to  reproduce  the  conditions  inside 
the  PATRIOT  Heater /Air  Conditioner.  There  were,  however,  some  variables 
which  were  not  controlled.  The  air  flow  over  the  heater  rods  in  these 
experiments  was  much  lower  than  the  air  flow  In  the  heater/air 
conditioners.  The  end  of  the  heater  rod,  therefore,  was  probably 
somewhat  hotter  In  these  experiments  than  In  actual  use.  It  Is  not  clear 
to  what  extent  these  results  can  be  extrapolated  to  the  conditions  Inside 
PATRIOT  Heater/Air  Conditioners.  The  weight  loss  In  an  operating  unit 
may  not  be  the  same  as  observed  in  these  experiments.  Despite  this,  the 
experiments  show  that  the  percentage  of  the  fluoride  lost  that  becomes 
hydrolyzable  fluoride  Is  fairly  consistent. 

Acrolein 

Mo  acrolein  was  detected  In  any  of  the  experiments.  The 
decomposing  TFE  groranets  do  not  produce  measureable  amounts  of  acrolein. 

Semi-Volatile  Organic  Compounds 

Senrl -volatile  organic  compounds  were  collected  on  charcoal 
tubes  at  a  flow  rate  of  1  liter  per  minute.  The  tubes  were  eluted  with  5 
ml  hexane  and  analyzed  by  gas  chromatography  with  electron  capture 
detection.  The  chromatographic  conditions  are  presented  In  Table  15. 
Electron  capture  detection  is  more  sensitive  than  flame  Ionization 
detection  for  highly  fluorlnated  compounds.  Chromatograms  for  runs  1,  3, 
and  8  are  presented  In  Figures  15  to  17.  Run  1  Is  a  blank.  In  runs  3 
and  8  some  products  were  detected  In  the  samples.  The  backup  traps  did 
not  contain  any  detectable  products.  Clearly  some  organic  compounds  are 
formed  during  the  decomposition  of  the  TFE  grommets. 


A/-S7 


Vcrssr- 


52 


TABU  15 

OftGMATOGWHIC  CONDITIONS 


Col  uam: 

Detector  Teaperature: 
Injector  Teaperature: 
Carrier  Gas: 

Flow 

Teaperature  Progress: 


0.1  percent  SP-1000  on  80/100 
Cartoopack  C,  6  ft. 

250*C 

200*  C 

Argon/Methane 
30  al/taln 

30*C  to  150*C  at  8*C  per 
alnute 


RUN  1,  BLANK 


FIGURE  16 


WEIGHT  LOSS  O.OS7 


13.  14 


FIGURE  17 


RUN  8:  WEIGHT  LOSS  0.233  g 
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A  number  of  highly  fJuorlnated  compounds  were  analyzed  as 
standards  to  deterarlne  the  response  of  the  compounds  on  the  electron 
capture  detector.  The  data  is  presented  in  Table  16.  Hone  of  the 
compounds  In  the  samples  could  be  Identified,  but  they  probably  have 
similar  structures  to  the  fluorinated  standards.  We  assume,  therefore, 
that  the  compounds  produced  during  TFE  decomposition  will  have  similar 
responses.  If  this  is  the  case,  the  largest  peak  In  Run  8  (Figure  ), 
which  Is  12.6  x  106  area  counts,  corresponds  to  about  15  mg  of  the 
material  collected.  This  Is  about  6  percent  of  the  total  weight  loss  of 
TFE.  This  Indicates  that  some  of  the  organic  compounds  are  produced  in 
fairly  large  quantities.  If  the  area  counts  for  all  of  the  compounds  are 
sunned,  the  resulting  total  response  corresponds  to  about  100  mg  of 
organic  decomposition  products  in  the  extract.  This  Is  about  43  percent 
of  the  total  weight  loss  of  the  TFE. 

The  data  from  these  experiments  indicates  that  fairly  large 
amounts  of  semi -volatile  organic  compounds  are  produced  during  the 
decomposition  of  TFE.  However,  it  is  unlikely  that  these  compounds  would 
be  detected  in  actual  use.  In  Experiment  8,  the  gas  stream  was  so  highly 
concentrated  that  the  front  half  of  the  charcoal  tube  turned  white  from 
vaporized  TFE.  Despite  this,  the  results  were  only  1000  times  greater 
than  the  detection  limit.  Given  the  large  dilution  that  occurs  when  the 
PATRIOT  Heater /Air  Conditioners  are  running,  the  results  would  probably 
be  below  the  detection  limit  in  actual  use.  In  contrast  to  this,  the 
results  for  hydrolyzable  fluoride  in  Experiment  8  were  2,000,000  times 
greater  than  the  detection  limit.  We  expect,  therefore,  that 
hydrolyzable  fluoride  will  be  detectable  In  the  units,  but  that 
semi -volatile  organic  compounds  will  not. 
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TABLE  16 

DETECTOR  RESPONSE  FOR  HIGHLY  FLUOR  I  MATED  COMPOUNDS 


Area  Counts  Per  Nanogran 
Micro-volt/seconds  per  Nanogram 


Perfl uorohexane 

3200 

Perfl uorocyc 1 opentane 

4360 

Perfl uoroheptane 

4250 

Perfl uoropentane 

260* 

♦Possible  volatilization  during  preparation  of  standard.  Result  may  be 
low. 
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The  volatile  organic  compounds  were  determined  by  collecting 
the  outgassing  materials  on  Porapak  M  tubes,  followed  by  thermal 
desorption-gas  chromatographic/mass  spectrometrfc  ( SC/KS )  analytical 
procedures.  One  experiment  was  also  conducted  using  a  mixed  Porapak  N/ 
charcoal  tube.  The  volatile  compounds  were  collected  on  Porapak  N  tubes 
at  a  flow  rate  of  0.2  liters  per  minute.  The  tubes  were  then  connected 
to  the  GC/MS  and  flash  heated  to  180*C.  The  volatile  materials  are  thus 
desorbed  from  the  trap  and  Introduced  onto  the  head  of  the  GC/MS  column. 
The  column  was  held  at  45*C  for  ten  minutes  during  the  desorbtlon  period, 
with  a  flow  rate  of  40  ml /min  of  purified  helium.  The  column  was  then 
programmed  to  225*C  at  12*C/n1n  and  the  sample  chromatographed  Into  the 
mass  spectrometer.  The  mass  spectrometer  was  set  to  scan  from  20-450  AMU 
at  three  seconds  per  scan  In  the  electron  impact  mode. 

An  initial  blank  experiment  was  run  to  verify  that  there  were 
no  1  nterf erences  or  residual  fluorlnated  and  or  other  TF1  decomposition 
products  present  on  the  heater  rod  or  the  sampling  tubes.  Mo 
Interferences  or  contamination  problems  were  present.  Five  experiment 
bums  were  conducted  and  are  labeled  Run  #2,  Run  #4,  Run  #15,  Porapak 
Only  and  Porapak/Charcoal .  The  flMorfnated  compounds  detected  In  each 
experiment  are  listed  In  Tables  17-21.  The  chromatograms  for  the  blank 
run  and  the  experimental  runs  are  shown  in  Figures  18-22.  The  mass 
chromatograms  for  some  of  the  expected  fluorlnated  fragments  of  TFE 
decomposition  products  are  shown  In  Figures  23-45.  The  mass  fragments 
displayed  in  the  graphs  are: 


Mass-Charge  Ratio 
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Each  chromatographic  peak  containing  arty  of  these  fragments  was 
identified  by  library  search.  In  many  cases  the  library  algorithm 
identified  several  peaks  as  the  sane  compound.  All  of  the  compounds 
listed  in  the  tables  are  tentative  identifications,  and  when  more  than 
one  peak  was  identified  as  the  same  compound,  the  number  of  peaks  is 
listed. 

Particles 

In  the  TFE  decomposition  experiments,  there  was  a  large 
quantity  of  particles  produced  in  addition  to  the  Hydrolyzable  fluoride 
and  the  semi-volatile  organic  compounds.  After  each  experiment,  the 
inside  of  the  equipment  was  coated  with  a  fine  white  powder,  apparently 
vaporized  TFE.  This  vaporized  TFE  probably  accounts  for  the  remainder  of 
the  weight  loss  in  the  experiments. 

Conclusions 

These  experiments  showed  that  decomposing  TFE  produces  three 
major  classes  of  products.  A  large  and  reproducible  fraction  of  the 
weight  loss  from  the  TFE  appears  as  hydrolyzable  fluoride.  This  appears 
to  be  a  promising  way  to  monitor  the  air  for  the  products  of  decomposing 
TFE.  A  second  fraction  of  the  weight  loss  from  TFE  appears  as 
semi-volatile  fluo'dnatsd  organic  compounds.  The  detection  limit  for  the 
organic  compounds  is  higher  than  the  detection  limit  for  hydrolyzable 
fluoride.  The  organic  pompound  will  probably  not  be  useful  for 
monitoring  the  air  for  products  of  decomposing  TFE.  A  third  fraction  of 
the  weight  loss  appears  as  vaporized  particles  of  TFE. 
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TABLE  17 

FLUORINATED  COMPOUNDS  DETECTED  AND  TENTATIVELY 
IDENTIFIED  BY  LIBRARY  SEARCH 


COMPOUND  NO. 

,  PEAKS 

FORMULA 

M.  WT. 

l-Prop*M'.2,  1, 1, 2,3,3, 3-Hexafluoro- 

2 

C/6 

150 

Cyclobutane,  Octafluoro 

Cyclopentane,  Qctafluoro-1- 

2 

C4F8 

200 

l-Bl$(Trifl  uoromethyl  )- 

1 

C7F14 

350 

Octanolcacld,  Pentadeca  Fluoro 

1 

C8H02F 1 5 

414 

Ethane,  Hexafluoro- 

10 

Ye 

138 

Propane,  Octafluoro- 

1 

C3F8 

188 

Butane,  Decaf!  uoro- 

3 

C4F10 

238 

Sllane,  Dlfluorodlmettyl- 

1 

C2H6F2SI 

96 

Ethane,  1, 1,1 -Tri fluoro- 

1 

Wj 

84 

1-Butene,  1 ,1,2,3,3,4,4,4-Octafluoro- 

2 

C4F8 

200 

Heptane,  Hexadecafl  uoro- 

3 

C7F16 

388 

m 


I 
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TABLE  18 

TFE  PYROLYSIS  EXPERIMENT  RUN  #4 
FLUOR I MATEO  COMPOUNDS  DETECTED  AND  TENTATIVELY 
IDENTIFIED  BY  LIBRARY  SEARCH 
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£ 


F 


COMPOUNDS 


NO.  PEAKS 


FORMULA 


M.  WT 


w 

Ethane,  Hexafluoro- 

4 

138 

Heptane,  Hexadecafluoro- 

5 

^16 

388 

v:. 

Pentane,  Undecafluoro  Trlfluoromethyl- 

1 

C6F14 

338 

I 

Propene,  Hexafluoro- 

1 

C3F6 

150 

II 

T  * 

Methane,  Diehl oro- 

1 

CH2C12 

84 

■?; 


lot 
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TABLE  19 

TFE  PYROLYSIS  EXPERIMENT  RUM  fl5 

FLUOR I MATED  COMPOUNDS  DETECTED  AND  TENTATIVELY 
IDENTIFIED  BY  LIBRARY  SEARCH 

COMPOUNDS  NO.  PEAKS  FORMULA 

M.WT. 

1-Propene,  1 ,1 ,2,3,3,3-Hexafluoro- 

1 

C3F6 

150 

Hexane,  Tetrodecafluoro- 

1 

Via 

338 

Butane,  Decaf!  uoro- 
Pentane,  Undecafluoro-4- 

2 

Vio 

238 

(Trlfluoromethyl  )- 

6 

Vl4 

338 

Ethane,  Hexafluoro- 

3 

Vs 

138 

Dodecanolcacld,  Trfcosafluoro- 

1 

C12H02F23 

614 

Sllane,  Tetrafluoro- 

3 

f4si 

104 

Heptane,  Hexadecafluoro- 

2 

Vie 

388 

Dlazlrldlne,  Tetraf! uoro- 

1 

CN2F  4 

116 

Methane,  Trffluoro- 

1 

chf3 

70 

Acetlcacid,  Trffluoro- 

1 

C2H02F3 

114 

Cyclopentane,  Decafluoro- 

1 

C5F 10 

250 

Pentane,  Dodecafl  uoro- 

1 

Vi  2 

288 

Trloxide,  B1s{Tr1f!uoromethyl )- 

1 

C2°3F6 

186 

Cyclohexane,  Dodecafluoro- 

1 

C6F12 

300 

Methanesulflnyl  Fluorfde.Trffluoro- 

1 

cosf4 

136 

I 
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TABLE  20 

TFE  PYROLYSIS  EXPERIMENT  PCRAPAK  N  ONLY 
FLUORIDATED  COMPOUNDS  DETECTED  AND  TENTATIVELY  IDENTIFIED 

BY  LIBRARY  SEARCH 


COMPOUNDS 

NO.  PEAKS 

FORMULA 

M.WT. 

Ethane,  Hexafluoro- 

3 

C2F6 

138 

Trloxlde,  B1s(Trifluoromethyl )- 

1 

Wfi 

186 

Propane,  Octafluoro- 

1 

C3F  8 

188 

Heptane,  Hexadecafluoro- 

2 

C/l6 

388 

Propene,  Hexafluoro- 

1 

C3F6 

150 

rentane,  Dodecafluoro- 

2 

Vl2 

288 

Butane,  Decafluoro- 

1 

V,0 

238 

Sllane,  Tetrafluoro- 

1 

F4SI 

104 

Pentane,  Undecafluoro(Tr1fluoromethyl )-  3 

C6F 14 

338 

Silane,  Olfluorodimethyl- 

1 

C2H6F2SI 

96 

Vcrcar. 


64 


TABLE  21 

TFE  PYROLYSIS  EXPERIMENT  ON  PORAPAX /CHARCOAL 
FLUOR I MATED  COMPOUNDS  DETECTED  AND  TENTATIVELY 
IDENTIFIED  BY  LIBRARY  SEARCH 


COMPOUNDS 

NO.  PEAKS 

FORMULA 

M.WT, 

Cyclobutane,  Octafluoro- 

3 

C4F8 

200 

Ethene,  Tetrafluoro- 

2 

v4- 

100 

Ethane,  Hexafluoro- 

2 

Vs 

138 

Propane,  Octofluoro- 

1 

C/8 

188 

Met  oi  t  swns  eeri  i 


FIGURE  10 

EXPERIMENT  II,  NO  GROMMET 
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FIGURE  20 

RECONSTRUCTED  ION  CHROMATOGRAM,  EXPERIMENT  #4 
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FIGURE  22 

RECONSTRUCTED  ION  CHROMATOGRAM,  PORAPAK  ONLY 
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CHROMATOGRAM,  M/Z  =  181,  EXPERIMENT 
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MASS  CHROMATOGRAM,  M/Z  =  69,  119,  AND  131,  EXPERIMENT  14 


MASS  CHROMATOGRAM,  M/Z  ■  181,  EXPERIMENT  115 


NASS  CHROfWTUCRAfl 


FIGURE  34 

MASS  CHROMATOGRAM,  fi/Z  219,  EXPERIMENT  115 
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MASS  CHROMATOGRAM,  H/Z  »  69,  PORAPAK  ONLY 


MASS  CHROMATOGRAM,  M/2  »  131,  PORAPAK  ONLY 


MASS  CHROMATOGRAM,  M/Z  =■  131,  PORAPAK  AND  CHARCOAL 
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FIGURE  45 

HASS  CHROMATOGRAM,  M/Z  =  Z19,  PORAPAK  AND  CHARCOAL 
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B.  Phase  II  -  Sampling  at  VSE  Corporation,  18-19  December  1982 

Samples  were  collected  at  VSE  Corporation  on  18  -  19  December  1982. 
The  samples  were  taken  to  the  laboratory  for  analysis  for  byarolyzable 
fluoride,  acrolein,  semi-volatile  organic  compounds,  and  volatile  organic 
compounds. 


Field  Sampling 

The  Phase  II  sampling  and  analysis  activities  were  developed  as 
a  follow-on  to  Phase  I  to  determine  the  production  of  irritant  gas  from 
new  TFE  grommets  in  a  PATRIOT  Heater/Air  Conditioner.  Phase  I  activities 
showed  that  when  TFE  grommets  were  heated  to  a  high  heat  on  the  end  of  a 
heater  rod  like  those  fi  an  the  PATRIOT  unit,  decomposition  products  were 
produced  and  Identified  as  a  complex  combination  of  hydrolyzable  and 
organo-fluo rides.  The  objective  of  the  field  sampling  was  to  operate  a 
heater /air  conditioner  in  a  high  heat  mode  with  new  TFE  grommets  and  to 
collect  air  samples  for  several  target  parameters.  Specific  air  samples 
were  collected  for  the  following  parameters. 

-  Hydrolyzable  Fluoride 

-  Acrolein 

-  Semi-volatile  organic  compounds 

-  Volatile  organic  compounds 

Also  during  all  sampling  the  M8  chemical  agent  alarm  was  exposed  to  the 
heated  exhaust  air  stream.  The  M8  chemical  agent  alarm  was  used  during 
these  tests  to  determine  if  a  relationship  existed  between  the  alarm 
signal  given  by  the  M8  chemical  agent  alarm  and  concentrations  of 
hydrolyzable  fluoride  detected  in  the  air  sample 

The  sampling  test  plan  was  proposed  to  U.S.  AEHA  for  their 
approval.  U.S.  AEHA  reviewed  the  plan  and  recommended  Versar  proceed 
with  the  panned  activities. 

The  following  sampling  runs  were  conducted  at  VSE  on  18  and  19, 
December  1982: 
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#0  0.5  hour  high  heat;  no  TFE  grommets  In  position; 

0.4"  HgO  flow  restriction. 

#1  1.0  hour  high  heat;  new  TFE  grommets  in  position; 

0.4"  HjO  flow  restriction. 

#2  1.0  hour  high  heat;  new  TFE  grommets  in  position;  0.4 
to  0.7*  H2O  (variable)  flow  restriction;  over 
temperatures  switches  were  operating  which  resulted 
In  the  heater  cycling  from  high  to  low  to  no  heat  modes. 

#3  46  minutes  high  heat;  new  TFE  grommets  In  position; 

0.7  to  0.78“  H2O  (variable)  flow  restriction; 
heater  fan  rotor  overheated  ending  test  at  46  minutes. 

#4  1.0  hour  high  heat;  new  TFE  grommets  In  position; 

0.74  to  0.78"  H2O  (variable)  flow  restriction. 

#5  4.0  hour  high  heat;  new  TFE  grommets  In  position  0.74  to 
0.84"  H2O  (variable)  flow  restriction. 

A  suture  ?-•  of  the  samples  collected  for  each  of  the  sampling  runs  Is 
presented  In  Table  22  for  18  December  1982,  and  Table  23  for  19  December 
1982.  The  M8  chemical  agent  alarm  was  operated  continuously  during  all 
sample  collection  activities. 

During  this  two  day  sampling  period  the  M8  chemical  agent  alarm 
did  produce  an  audible  alarm  during  several  of  the  above  sampling  runs. 
Sampling  runs  #0  and  #1  were  performed  with  the  normal  0.4"  H20 
pressure  differential  across  the  heater  and  there  was  no  M8  alarm  heard. 
During  sampling  run  #2,  the  M8  alarmed  at  +10  minutes  with  an  exhaust 
temperature  of  116*F.  The  signal  lasted  for  4  minutes,  and  stopped.  The 
slgral  stopped  approximately  1  minute  after  the  heater  cycled  from  high 
heat  to  low  heat.  At  +46  minutes  the  heaters  cycled  to  high  heat  and  one 
minute  later  the  M8  alarm  went  off  at  an  exhaust  temperature  of  114*F. 
The  jlarm  lasted  for  approximately  one  minute. 

Sampling  run  #3  lasted  for  46  minutes  because  the  fan  motor 
overheated  and  automatically  turned  off  the  unit.  The  M8  chemical  agent 
alarm  was  observed  continuously  from  +6  to  +36  minutes  +rom  an  exhaust 
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TABLE  22 

SUMMARY  OF  AIR  SAMPLES  COLLECTED  OK  18  DECEMBER  1982 
AT  YSE  FROM  A  PATRIOT  HEATER/AIR  CONDITIONER  UNIT* 


TOTAL 

0.5  HR**  1  HR***  1  HR***  1  HR***  1  HR***  SUMMARY 


0.1  N  NaOH  Implnger  1  3 

1  percent  NaHS03  1  3 

Implnger 

Porapak  Tube  1  3 

Charcoal  Tube  2  6 

M8  Chemical  Agent  1  1 

A1  arm 


3  3  3  13 
3  3  3  13 

3  3  3  13 
6  6  6  26 
111  5 


TOT/LS 


16 


16 


16 


16 
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*  Unit  tested  was  SN  81013. 

**  Mo  TFE  gromnets  were  In  position  on  the  heater  rods  during  this  test. 

***  Before  each  one  hour  test  new  TFE  grormets  were  placed  Into  position 
on  the  heater  rods;  samples  were  collected  for  periods  of  15,  30, 
and  60  minutes  for  each  sample  type.  M8  chemical  agent  alarm  was 
operating  continuously. 
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TABLE  23 

SUWiARY  OF  AIR  SAMPLES  COLLECTED  ON  19  DECEMBER  1982 
AT  YSE  FROM  A  PATRIOT  HEATER/AIR  CONDITIONER  UNIT* 


TOTAL 

1st  HR**  2nd  HR***  3rd  HR***  4th  HR***  SUMMARY 


0.1  N  NaOH  impinger  10  • 

Porapak  Tube  5 

Charcoal  Tube  10 

M8  Chemical  Agent  1 

Alarm 

TOTALS  26 


4  4  4 

2  2  2 

4  4  4 

j_  j_  _L 

n  n  n 


22 

11 

22 

_4 

59 


*  Unit  tested  was  SN  81013;  new  TFE  grommets  in  position. 

**  During  this  hour,  samples  were  collected  for  periods  starting  at 
0-10  minutes,  10-20  minutes,  20-30  minutes,  30-45  minutes,  and  45-60 
minutes  for  a  total  of  five  sample  sets.  M8  chemical  agent  alarm 
was  operated  continuously. 

***  During  the  second,  third,  and  fourth  hours,  samples  were  collected 
the  first  30  minutes  and  the  second  30  minutes  for  a  total  of  two 
sample  sets  each  hour.  M8  chemical  agent  alarm  was  operating 
continuously. 
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temperature  of  115*F  to  an  exhaust  temperature  of  152*F  at  +36  minutes. 
The  unit  was  operated  at  a  higher  temperature  at  this  point  attempting  to 
create  the  conditions  that  would  cause  the  alarm  to  respond.  There  was 
no  mors  M8  alarm  heard  during  this  sampling  run. 


During  sampling  run  #4,  the  M8  alarm  began  at  +5  minutes  with 
an  exhaust  temperature  of  115*F  and  continued  to  alarm  for  the  remainder 
of  the  60  minutes.  Exhaust  temperatures  observed  during  the  period  the 
M 8  alarmed  ranged  from  a  low  of  115*F  to  a  high  of  147*F. 


Sampling  run  #5  was  conducted  on  19  December  1982,  and  Its 
duration  was  four  hours.  The  M8  alarm  was  heard  on  and  off  during  the 
first  three  hours,  but  none  In  the  last  hour.  At  the  three  hour  point 
the  heater  fan  motor  overheated  and  shut  down  the  system  and  testing. 
The  unit  cooled  down  and  was  restarted,  but  no  M8  alarm  was  heard  in  the 
last  hour.  The  M8  chemical  agent  alarm  briefly  alarmed  at  +15  minutes 
and  an  exhaust  temperature  of  117*F.  M8  chemical  agent  alarm  was  heard 
continuously  from  +25  minutes  to  +65  minutes  with  exhaust  temperatures 
ranging  from  119  to  130*F.  In  the  remaining  115  minutes,  the  M8  chemical 
agent  alarm  was  only  occasslonly  heard.  During  this  period  the 
temperature  slowly  Increased  from  130  to  I47*F. 


The  summary  of  the  M8  chemical  agent  alarm  results  exhibit  that 
new  TFE  grormets  in  a  heater  operated  at  temperatures  near  115'F  with 
some  flow  restriction  may  create  an  Irritant  that  causes  the  M8  chemical 
agent  alarm  to  respond.  As  the  TFE  gromnets  continue  to  be  exposed  to 
the  heater  rods.  It  takes  a  much  higher  temperature  in  the  heater  to 
cause  the  M8  to  respond,  indicating  that  less  surface  on  each  TFE  grommet 
Is  exposed  to  the  heat. 


^drolyzable  Fluoride 


There  were  serious  problems  with  the  hydrolyzable  fluoride 
results.  Some  blanks  appeared  to  be  contaminated,  and  the 
reproducibility  between  duplicate  samples  was  greater  tha.i  100  times 
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poorer  than  laboratory  results.  Although  some  hydrolyzable  fluoride  was 
found  in  the  exit  air  from  the  heater/air  conditioners,  no  conclusions 
could  be  drawn  from  the  data.  The  data  could  not  be  used  and  a  second 
sampling  for  just  hydrolyzable  fluoride  was  planned.  Fluoride  analysis 
was  done  on  site  and  extensive  blanks  were  taken  to  assure  that  there  was 
no  contamination.  These  results  are  discussed  below  in  Fluoride  Analysis 
at  VSE  8  January  1983. 

Acrolein 

No  acrolein  was  found  in  any  of  the  samples  taken. 

Semi -Volatile  Organic  Compounds 

Semi-volatile  organic  compounds  were  analyzed  using  the 
procedure  presented  in  Section  IV. A.  Briefly,  the  charcoal  tubes  were 
-des  robed  with  5  ml  of  n-hexane  and  analyzed  by  electron  capture  gas 
chromatography.  Three  peaks  consistently  showed  up  in  the  samples  taken 
at  VSE.  They  were  present  in  the  ambient  air,  and  in  the  discharge  air 
from  the  heater/air  conditioner.  They  were  not  present  in  the  blanks. 
The  amount  of  the  three  compounds  found  was  proportional  to  the  total 
amount  of  sample  taken,  and  it  had  nothing  to  do  with  the  operating 
conditions  of  the  heater/air  conditioner.  The  compounds  are  apparently 
low  level  contaminants  in  the  ambient  air  at  VSE. 

Field  Sampling  at  VSE,  8  January  1983 

The  field  sampling  activities  conducted  at  YSE's  Alexandria 
facility  on  8  January  1983  were  developed  to  ensure  reproducible  results 
could  be  obtained  from  the  fluoride  analysis.  The  PATRinT  heater/air 
conditioner  was  operated  in  a  "controlled"  high  heat  mode  with  fluoride 
samples  and  M8  chemical  agent  alarm  being  collected  from  the  heated 
exhaust  air  at  the  same  location  {approximately  eight  feet  from  the  face 
of  the  heater).  The  "controlled"  high  heat  mode  required  that  both 
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over-temperature  switches  be  wired  out  which  resulted  In  high  heat 
operation  during  all  sampling.  A  constant  pressure  differential  across 
the  heater  rods  was  maintained  by  restricting  the  Intake  air  flow  to 
achieve  a  pressure  differential  of  0.64  to  0.72"  water.  Four  sampling 
runs  were  performed  at  high  heat:  one  without  TFE  grommets  and  three 
with  new  TFE  grommets  placed  In  position  before  each  run.  All  activities 
were  carefully  documented  so  that  the  individual  sampling  runs  could  be 
duplicated  and  to  assist  Versar  In  the  determination  of  a  relationship 
between  hydrolyzable  fluoride  levels  and  the  initiation  of  the  M8 
chemical  agent  alarm. 

The  following  sampling  runs  were  conducted  at  YSE  on  8  January 

1983: 

-  0.5  huur  high  heat;  no  TFE  grommets  In  position; 

0.64"  H2O  flow  restriction. 

-  1.0  hour  high  heat;  new  TFE  grommets  in  position; 

0.67"  H2O  flow  restriction. 

-  2.0  hour  high  heat;  new  TFE  grommets  in  position; 

0.72“  HgO  flow  restriction. 

-  2.0  hour  high  heat;  new  TFE  grommets  in  position; 

0.72“  H2O  flow  restriction. 

A  summary  of  all  nydrolyzable  fluoride  samples  collected  .s  provided  in 
Table  24.  The  M8  chemical  agent  alarm  was  operated  continuously  during 
all  sample  collection  activities. 

During  the  sample  collection  activities,  sampling  personnel 
recorded  the  periods  when  the  M8  chemical  agent  alarm  was  heard.  The 
first  sampling  run  which  was  0.5  hour  long  without  TFE  grommets  did  not 
stimulate  the  M8  chemical  agent  alarm  which  was  the  expected  result.  The 
first  1.0  hour  run  at  high  heat  with  new  TFE  grommets  in  position  also 
did  not  create  an  M8  alarm.  Tils  run  was  stopped  at  1.0  hour  because  of 
the  lack  of  the  M8  alann  as  well  as  some  problems  encounted  in  creating 
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SUMMARY  OF  AIR  SAMPLES  COLLECTED  OK  8  JAKUARY  1983 
AT  VSE  FROM  A  PATRIOT  HEATER/AIR  CONDITIONER  UNIT* 


ff 


1st 

1st 

2nd 

TOTAL 

0.5  HR 

1 .0  HR** 

2.0  HR*** 

2.0  HR*** 

SUMMARY 

M 

•> 

0.1  N  NaOH  3 

17 

23 

23 

66 

M8  Chemical  Agent  1 

1 

1 

1 

4 

Alarm 

K 

mmmm 

mmmm 

MM* 

T01AIS  4 

18 

24 

24 

70 

3 


P  *  Unit  tested  *as  SN  81013. 

**  Prior  to  heater  operation,  new  TFF  grcmaets  In  position.  Semples 

r ;  collected  In  triplicate  for  per  ods  from  0-10  minutes,  10-20 

S  minuter,  20-30  minutes,  30-45  minutes,  end  <5-60  minutes.  Samples 

collected  In  duplicate  for  a  per'^  from  Q-60  minutes.  Sampling  ,-un 
stopped  before  completion  bcc^ise  on-site  analytical  analysis 
®  determined  that  problems  among  triplicate  samples  were  encountered. 

M8  chemical  agent  alarm  was  operated  continuously. 

***  Prior  to  heater  operation  for  each  set,  new  TFE  grommets  in 

'•  position.  Samples  collected  in  triplicate  for  periods  from  0-10 

minutes,  10-20  minutes,  20-30  minuis,  30-45  minutes,  45-60  minutes, 
60-90  minutes  and  90-120  minutes.  Samples  collected  in  duplicate 
7:  for  a  perioJ  from  0-60  minutes.  M8  chemical  agent  alarm  was 

operating  continuously. 
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good  triplicate  fluoride  results.  It  was  also  observed  at  +15  minutes 
that  the  H8  chemical  agent  alarm  may  have  been  started  Incorrectly  not 
allowing  sample  air  to  be  pumped  through  the  alarm.  At  this  time  it  was 
restarted  correctly,  however,  no  alarm  was  heard. 

The  sampling  set-up  was  modified  slightly  so  that  all  air 
samples  were  drawn  from  the  same  point,  and  the  flow  was  restricted  to 
0.72"  H^O  beforo  the  first  full  2.0  hour  run  was  begun.  During  this 
sampling  run,  M8  chemical  agent  alarm  was  heard  for  a  period  of  eight 
minutes  from  +5  to  +13  minutes  with  an  exhaust  temperature  ranging  from 
132  to  139*F.  After  +13  minutes,  no  M8  alarm  was  heard  for  the  remaining 
107  minutes.  The  next  section  will  describe  the  analytical  results  for 
hydrolyzable  fluoride. 

A  second  2.0  hour  run  was  made  to  duplicate  the  above 
experiment.  With  re w  TFE  gromnets  In  position  and  the  heater  in  high 
heat  mode,  the  sampling  equipment  and  M8  chemical  agent  alarm  were 
started.  The  H8  alarm  was  heard  from  +7  to  +13  minutes  with  an  exhaust 
temperature  of  132  to  139‘F.  The  M8  alarm  was  also  heard  from  +23  to  +30 
minutes  with  exhaust  temperatures  at  1 41 "F.  Wo  H8  alarm  was  heard  during 
the  last  90  minutes.  The  next  section  describes  the  fluoride  analysis 
conducted  at  Y$£  on  8  January  1983. 

Fluoride  Analysis  at  YSE,  8  January  1983 

Fluoride  analysis  was  done  on  site  at  Y$£  during  the  sampling 

on  8  January  1983.  Yersar  collected  66  fluoride  samples,  and  analyzed 

64.  Sixty-seven  blank  samples  and  three  samples  of  ambient  air  were  also 
collected.  The  ambient  air  samples  and  12  of  the  blanks  were  analyzed  at 
VSE.  None  of  the  ambient  air  samples  had  detectable  levels  of  fluoride, 
and  only  one  of  the  blanks  had  detectable  levels  of  fluoride  The  level 
In  this  one  blank  corresponded  to  18  ug/'m'*.  Since  most  of  the  airborne 

fluoride  results  were  much  higher  thin  this,  the  low  level  In  this  one 

blar.k  Is  not  a  cause  for  concern. 
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We  attempted  to  analyze  the  fluoride  samples  very  quickly.  The 

results  obtained  on  site  Mould  Indicate  whether  any  changes  In  the 

sampling  procedures  were  necessary.  For  many  samples,  the  electrode  was 
not  allowed  to  equilibrate  long  enough  because  of  the  short  analysis 
time.  The  results  presented  here  were  confirmed  with  laboratory  analysis. 

The  results  of  the  fluoride  analysis  are  presented  In  Table 
25.  In  Experiment  1,  where  the  samples  were  taken  about  two  Inches  away 
from  each  other  in  the  air  stream,  there  was  an  unacceptable  amount  of 
variability  In  the  triplicate  samples  (i.e.,  20,  38  and  110). 

Furthermore,  the  sample  taken  fro*  0  to  60  minutes  was  luwer  than  the 
samples  taken  at  any  time  in  the  60  minute  run.  These  Implausible 
results  Indicated  that  the  experiments  should  be  repeated  and  they  were. 

In  Experiments  2  and  3  the  sampling  locations  were  much  closer 
to  each  other.  This  resulted  In  an  apparent  Improvement  In  the 

reproducibility  between  the  triplicate  samples.  There  was  still  a 
significant  amount  of  variation  In  some  sets,  but  It  was  reduced  from  the 
first  experiment. 

Figures  46  and  47  show  a  plot  of  the  fluoride  concentration 
versus  time  for  the  duplicate  experiments.  The  fluoride  concentrations 
ai’e  the  averages  of  three  determinations. The  results  from  all  three 
experiments  show  that  the  f!»->r1de  concentration  reaches  a  maximum 
between  10  and  20  minutes  of  operation.  The  concentration  then  slowly 
falls  off  for  the  rest  of  the  experiment.  An  apparent  effect  level  In 
each  figure  of  50  ug/m^.  Dwlgglns,  Wiggins  and  Dwyer^  have 
reported  levels  of  hydrolyzable  fluoride  concentrations  In  the  range  of 
50  to  1000  ug/m^  In  areas  where  Illness  occured. 
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TABLE  25 
FLUORIDE  RESULTS 


Conditioning 

Time 

TrlDl Icate 

Air  Concentrations  ug/ml 

Average 

HI thout 

0-30 

5 

4 

6 

5 

G  rennets 

Grommets 

Expt.  1 

0-10 

20 

38 

no 

56 

T0-20 

250 

250 

spfTTed 

250 

20-30 

60 

70 

70 

67 

30-45 

60 

32 

31 

41 

45-60 

50 

33 

47 

43 

0-60 

12 

4 

— 

8 

Expt.  2 

0-10 

200 

140 

180 

173 

10-20 

180 

220 

140 

180 

20-30 

108 

88 

100 

99 

30-45 

70 

120 

80 

90 

<5-60 

40 

52 

100 

64 

60-90 

60 

53 

38 

50 

90-120 

48 

43 

27 

39 

0-60 

110 

no 

— -  ■ 

no 

Expt.  3 

0-10 

115 

120 

83 

106 

10-20 

115 

230 

210 

185 

20-30 

68 

115 

138 

107 

30-45 

110 

57 

120 

98 

45-60 

31 

63 

57 

50 

60-90 

40 

60 

65 

55 

90-120 

31 

22 

33 

29 

0-60 

HA 

HA 

... 

HA 

HA  ■  Hot  analyzed  In  field. 
—  ■  Hot  collected. 
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Using  the  fluoride  results  and  the  air  flow  rate  during  the 

sampling  a  total  amount  of  hydrolyzable  fluoride  can  be  calculated.  For 

example,  during  the  first  ten  minutes  of  Experiment  1,  the  average 

3 

fluoride  concentration  was  56  ug/m  .  During  tMs  time  the  discharge 
rate  from  the  heater/air  conditioner  was  250  cfm,  which  -s  23.2 

3 

m  /min.  The  total  amount  of  hydrolyzable  fluoride  lost  during  the 
flr^t  ten  minutes  was,  therefore: 

56  ug/m3  x  23.2  m^/mln  x  10  min  ■  13,000  ug  «  13  mg 

This  procedure  can  be  repeated  for  every  sampling  period,  and  the  results 
can  be  summed  over  the  duration  of  the  experiment  This  analysis  shows 
that  116  mg  of  hydrolyzable  fluoride  was  releaied  during  Experiment  1. 
During  Experiment  2,  220  mg  were  released,  and  luring  Experiment  3,  202 
mg  were  released. 

After  each  experiment  the  grommets  wrre  removed.  They  were 
taken  to  the  laboratory  and  weighed.  The  'xjtal  weight  loss  of  the 
grommets  In  each  of  the  units  was,  therefore,  obtained.  In  Experiment  1, 
795  mg  of  TFE  were  lost.  In  experiment  2,  1247  mg  of  TFE  were  lost,  and 
In  Experiment  3,  1022  mg  of  TFE  were  lost.  The  results  are  presented  In 
Table  2b,  along  with  the  total  amount  of  hydrolyzable  fluoride  jel eased 
during  each  of  the  experiments.  The  table  also  presents  the  percentage 
of  the  fluorine  lost  from  the  grommets  which  appears  as  hydrolyzable 
fluoride.  Given  the  variability  of  the  air  vtream,  the  results  are 
remarkably  consistent.  Between  19.2  and  26.0  percent  of  the  fluoride 
lost  appears  as  hydrolyzable  fluoride. 

C.  Phase  III  -  Shelter  Investigation,  Sampling  Conducted  at; 

Fort  Bliss,  Texas  20  -  21  -January  1983  ~  j 

Activities  conducted  previous  to  this  sampling  trip  to  Fort 
Bliss,  Texas  Indicated  that  decomposition  products  were  observed  when  TFE 
grommets  were  exposed  to  high  heat  conditions.  The  major  decomposition 
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TABLE | 26 

PERCENT  CONVERSION  OF  TFE  TO  HYDROLYZABLE  FLUORIDE 


i 

Hydrolyzable 

Percent  Fluoride 

Experiment 

TFE  Lost 

Fluorine  Lost  Fluorfde  Found 

Accounted  for 

1 

7P5  mg 

604  mg 

116  ag 

19.2 

2 

1247  ag 

948  mg 

220  ag 

23.2 

3 

1022  mg 

778  mg 

2UL  ag 

26.0 
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products  were  measured  as  hydrolyzable  fluoride  using  a  NIOSH  approved 
sampling  and  analysis  methodology.  Previous  to  this  Phase  III 
Investigation,  Phase  I  was  conducted  at  Versar's  laboratory  to  determine 
the  decomposition  products  of  TFE  grommets  and  which  sampling  and 
analytical  methods  would  be  applicable  to  provide  the  necessary 
Information  to  direct  proposed  activities  in  Phases  II  and  III.  The 
results  of  Phase  I  provided  sufficient  Information  to  perform  the  Phase 
II  bench  study  on  a  free  standing  heater/air  conditioner  at  VSE's 
facility.  During  Phase  II,  Vers ar  monitored  for  the  decomposition 
products  of  TFE  using  the  sampling  and  analysis  method  specifically 
developed  for  hydrolyzable  fluoride  along  with  the  use  of  the  M8  chemical 
agent  alarm.  A  complete  description  of  the  Phase  I  and  II  activities  Is 
provided  In  Sections  IV. A  and  B. 

The  objective  of  the  Phase  III  field  investigation  conducted 
Fort  Bliss  In  an  ICC  shelter  was  the  following: 

-  Determine  air  movement  in  the  shelter  under  several 
operating  conditions  and  proper  heater/air  conditioner 
operation  with  respect  to  high  and  low  heat  modes. 

-  Perform  on-site  analytical  determinations  of  hydrolyzable 
fluoride  concentration  In  the  ICC  shelter  and  provide  a 
relationship  between  hydrolyzable  fluoride  levels  and  the 
real-time  monitor,  M8  chemical  agent  alarm. 

-  Attempt  to  duplicate  shelter  conditions  and  heater  operation 
similar  to  those  reported  by  Raytheon  Corporation  in  April 
1982  when  original  Incident  occurred,  and  oy  Fort  Bliss 
personnel  when  the  November  incidents  occurred. 

Sampl i ng 

Versar's  sampling  and  analytical  personnel  arrived  at  Fort 
Bliss,  Texas  at  0800,  20  January  1983  and  were  taken  to  Abernathy  park 
where  an  ICC  shelter  was  made  available  for  our  testing  for  the  next  two 
days  (the  ICC  shelter  is  configured  similarily  to  a  CRG  shelter;  the  ICC 
shelter  has  two  PATRIOT  Heater/Air  Conditioners  rather  than  one  as  in  the 
CRG).  A  physical  inspection  of  the  ICC  shelter  was  made  as  follows: 


Af-n? 


4, 


A 

I 

~r 


l 


•I 


Vci*sar~ 


PATRIOT  Heater/Air  Conditioners 

-  SN  80104  (curbside)  -  no  TFE  grommets  in  position;  inside 
of  heater  box  appeared  in  good  condition  and  no  aluminum 
shielding  missing  or  damage  to  black  foam;  and  tygon  drain 
tubing  on  fresh  make-up  air  side  burnt. 

-  SM  801163  (roadside)  -  no  TFE  grommets  in  position;  no 
other  Inspection  performed  because  heater  was  not  to  be 
operated  in  a  heating  mode  during  tests. 

- -  Inside  ICC  shelter,  dimensions  were  taken  of  exhaust  and 

return  air  ducts  and  a  traverse  was  set-up  on  each  to 
perform  air  velocity  determinations.  Shelter  has  an 
Internal  "air  conditioned"  volume  of  approximately  8  cubic 
meters  (280  cubic  feet).  The  dust  filter  on  the  return  air 
duct  was  dirty;  however,  all  ether  physical  features 
appeared  similar  to  the  previous  inspection  In  November  1982. 

Sampling  activities  were  begun  on  20  January  1983  at  1000  and 
completed  by  1230  on  21  January  1983.  Air  samples  for  hydrolyzable 
fluoride  were  collected  and  the  M8  chemical  agent  alarm  was  operated 
during  all  phases  of  heater  operation.  Versar  collected  67  air  samples 
and  68  blank  samples  which  were  analyzed  on-site,  and  determined  air 
velocities  during  each  testing  phase.  The  two  M8  chemical  agent  alarms 
were  operated  by  Sgt.  Lee  of  the  Fort  Bliss  NBC  school.  The  following 
tests  were  conducted: 

Test  #1:  Curbside  unit  high  heat;  roadside  unit  off; 

make-up  air  open;  no  TFE  grommets;  duration  -  60  minutes. 

Test  #2:  Curbside  unit  high  heat;  roadside  unit  off; 

make-up  air  open;  new  TFE  grommets  (set  #1);  duration  -  120 
minutes. 

Test  #3:  Curbside  unit  high  heat;  roadside  unit  off; 

make-up  air  open;  no  TFE  grommets;  duration  -  60  minutes. 

Test  #4:  Curbside  unit  high  heat;  roadside  unit  off; 

make-up  air  closed;  new  TFE  gramets  (set  #2);  duration  - 
120  minutes. 
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Test  #5:  Curbside  unit  high  heat;  roadside  unit  low  heat; 
no  heater  rods  on;  make-up  air  open;  new  TFE  grommets  (set 
#3);  duration  -  90  minutes. 

Test  #6:  Repeat  of  Test  #5,  but  with  new  TFE  grommets  (set 

#4). 

Test  #7:  Curbside  unit  high  heat;  roadside  unit  low  heat; 
no  heater  rods  on;  make-up  air  open;  no  grommets;  duration  - 
30  minutes. 

A  discussion  of  the  hydrolyzable  fluoride  results  and  air  flow 
data  will  be  presented  In  the  next  section.  The  two  M8  chemical  agent 
alarms  were  operated  continuously  during  all  testing.  The  M8s  alarmed 
during  Tests  #5  and  #6  only.  These  two  tests  were  conducted  with  the  ICC 
shelter  In  an  operating  mode  that  Is  similar  to  the  way  the  shelter 
should  be  operated  under  normal  field  conditions.  During  Test  #5,  the 
M8s  sounded  from  +9  minutes  to  +19  minutes  with  exhaust  temperature  from 
106*F  to  114*F.  At  +19  minutes,  the  heater  cycled  to  low  heat  and  the 
alarms  ceased.  During  Test  #6,  the  M8s  began  alarming  at  +8  minutes  and 
continued  to  +32  minutes.  The  exhaust  temperatures  ranged  fro  108*F  to 
128*F.  At  the  high  temperatue  of  128*F  and  +32  minutes,  the  heater 
cycled  to  low  heat  and  the  M8$  stopped  alarming.  During  both  tests, 
after  the  heaters  cycled  to  the  low  heat  mode,  the  M8  chentfcal  agent 
alarm  was  not  heard  again.  A  further  discussion  of  the  results  will  be 
presented  in  the  next  section. 

Results  of  Sampling  at  Fort  Bliss,  Texas  17-18  January  1983 

Samples  were  collected  in  a i  ICC  shelter  at  Fort  Bliss,  Texas. 
They  were  analyzed  on-site  for  hydrolyzaule  fluoride  using  NIOSH  Method 
P4CAM  117.  The  temperature  In  the  shelter,  the  air  flow  In  the  shelter, 
and  the  weight  loss  of  the  TFE  grommets  were  also  measured.  Finally,  we 
tested  the  M8  chemical  agent  alarm  to  see  if  it  could  detect  the  products 
of  decomposing  TFE  at  low  enough  concentrations. 
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Air  Flow  Results 

Air  flows  In  the  shelters  were  measured  with  a  hot  wire 
anemometer.  The  results  are  presented  In  Table  27.  The  exhaust  and 
return  flows  were  measured  at  six  points  across  the  appropriate  ducts. 
The  results  In  Table  27  are  the  averages  of  multiple  determinations.  The 
make-up  air  was  measured  at  the  opening  of  the  fresh  air  Intake  duct. 
The  results  Indicate  that  there  Is  some  other  source  of  fresh  air  to  the 
heater/air  conditioners.  That  Is,  the  sum  of  the  return  air  and  the 
make-up  air  flows  Is  less  than  the  exhaust  flow.  Additional  fresh  air 
could  possibly  enter  the  heater/air  conditioner  through  two  locations. 
First,  the  C8  filter  leads  to  the  fresh  air  Intake.  If  the  filer  was  on 
or  If  It  was  leaking,  extra  fresh  air  could  enter  which  would  not  be 
reflected  In  the  measurements.  Second,  leaks  can  occur  at  the  point 
where  the  heater/air  conditioners  are  attached  to  the  front  of  the 
shelter.  According  to  Robert  Sherfy  (VSE) ,  there  Is  a  foam  rubber  gasket 
at  this  connection  which  could  possibly  leak.  Make-up  air  flows  are  much 
lower  than  expected,  while  the  flows  for  the  exhaust  air  and  the  return 
air  are  close  to  the  expected  values.  Table  27  also  Includes  a 
calculated  make-up  air  flow.  This  flow  Is  the  difference  between  the 
exhaust  air  flow  and  the  return  air  flow.  In  order  to  define  the 
discrepancy,  more  detailed  air  flow  measurements  need  to  be  made.  For 
the  purpose  of  this  work  the  calculated  make-up  air  values  will  be  used. 

Grommet  Weight  Loss 

Before  the  grommets  were  taken  to  Fort  Bliss,  Texas  they  were 
weighed  Individually  and  placed  In  separate  containers.  After  use  in  the 
heater/air  conditioners,  they  were  again  put  In  separate  containers  and 
taken  back  to  the  laboratory  to  be  weighed.  The  weight  loss  of  the  four 
sets  of  grommets  used  In  presented  in  Table  28.  These  four  sets  of 
gromnets  were  used  in  Experiments  2,  4,  5,  and  6. 


Vers  nr. 


112 


TABLE  27 

AIR  FLOW  RESULTS  (cfm) 


Calculated 


Exhaust 

Return 

Make-up 

Make-up 

Experiment  #2 

574 

270 

50 

324 

Experiment  #4 

486 

317 

Closed 

169 

Experiment  #5 

920 

552 

60 

369 

(2  units  operating) 
Per  Unit 

460 

276 

60 

184 

Experiment  #5 

918 

505 

65 

413 

(2  units  operating) 
Per  Unit 

459 

252.5 

65 

.06.5 

a/  -jn 
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Experiment  #2 
Experiment  #4 
Experiment  #5 
Experiment  #6 


TABLE  28 
HEIGHT  I '*<3 


980  mg 
430  mg 
1725  mg 
2468  mg 
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Fluoride  Results 

The  data  from  the  fluoride  analyses  are  presented  in  Tables  29 
through  34.  In  every  sampling  period  three  replicate  samples  were 
collected.  All  three  results,  and  the  average  of  the  three  results  are 
presented  In  the  tables.  One  sample  In  every  twenty  was  randomly 
selected  as  a  quality  control  sample.  One  portion  of  this  sample  was 
analyzed  as  usual,  one  portion  was  analyzed  as  a  duplicated,  and  one 
portion  was  spiked  with  a  known  amount  of  fluoride  and  analyzed.  All  of 
the  duplicate  analyses  were  Identical.  The  spiked  samples  gave  between 
74  percent  and  86  percent  recovery  of  fluoride.  A  blank  was  analyzed 
with  every  sample.  Most  of  the  blanks  and  all  of  the  samples  of  air 
outside  the  shelter  had  non-detectabl e  amounts  of  fluoride.  In  a  few 
experiments  some  blanks  had  detectable  fluoride,  but  the  amount  of 
fluoride  In  the  blanks  was  always  at  least  five  times  lower  than  the 
sample  with  the  lowest  concentration.  The  low  levels  of  fluoride  In  a 
few  of  the  blanks  are,  therefore,  not  a  cause  for  concern.  Table  29 
through  34  also  Include  the  total  weight  loss  of  the  TFE  grommets,  the 
conditions  of  the  experiments,  and  the  duration  of  the  experiments. 

The  heater/air  conditioners  did  not  have  TFE  grommets  installed 
during  Experiments  1  and  3.  As  expected,  the  hydrolyzable  fluoride 
levels  In  these  experiments  were  extremely  low.  In  Experiments  2,  4,  5, 
and  6,  the  heater/air  conditioners  did  have  TFE  grommets  Installed.  In 
these  experiments,  every  sample  collected  contained  hydrolyzable 
fluoride.  The  maximum  concentration  of  hydrolyzable  fluoride  was  always 
found  during  the  first  thirty  minutes  of  operation.  The  maximum  fluoride 
concentration  found  In  each  of  the  experments  Is  presented  In  Table  35. 
Table  35  also  Includes  the  weight  loss  of  the  grommets  and  the  conditions 
of  the  experiments.  The  maximum  fluoride  levels  for  the  experiments 
range  from  48  ug/m^  to  448  ug/m^.  As  previously  mentioned,  other 
publications^  Indicate  that  decomposing  TFE  may  cause  symptoms  of 
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TABLE  29 

FLUORIDE  RESULTS,  TEST  #T,  NO  GROMMETS 


Tine  (minutes) 

Sample  A 

Sample  B 

Sample  C 

Average 

0-30 

NO 

NO 

NO 

NO 

30-60 

NO 

NO 

NO 

NO 

0-60 

NO 

NO 

NO 

NO 

All  Blanks  had  ML. 

Detection  Li«a1t  -  2  ug/»3. 

Curbside  unit  on. 
Roadside  unit  off. 
Shelter  fans  off. 
Make-up  air  open. 


Conditions: 


TABLE  30 


FLUORIDE  RESULTS,  TEST  #2,  WITH  GREETS 


Tine  (minutes) 

Saaple  A 

Sample  8 

Sample  C 

Average 

0-30 

60 

60 

66 

62 

30 -BO 

16 

12 

12 

13 

0-60 

64 

45 

81 

63 

60-120 

8 

7 

7 

7 

All  Blanks  had  NO. 

Detection  Limit  -  2 

ug/to^. 

Groowet  weight  loss 

-  980  ng. 

Conditions: 

Curbside  unit  on. 

Roadside  unit  off. 
Shelter  f«ns  off. 
Make-up  air  open. 
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TABLE  31 


FLUOR 10C  RESULTS, 

TEST  #3, 

NO  GROMETS 

Time  (Minutes) 

Sample  A 

Sample  8 

Sample  C 

Average 

0-30 

6 

6 

8 

7 

30-60 

NO 

NO 

NO 

NO 

All  Blanks  had  NO. 

Detection  Halt  -  2  ug/m^. 

Conditions:  Curbside  unit  on. 

Roadside  unit  off. 
Shelter  fans  off. 
Make-up  air  open. 
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TABLE  32 

FLUORIDE  RESULTS,  TEST  #4,  KITH  GROWETS 


Time  (minutes) 

Sample  A 

Sample  B 

Sample  C 

Average 

0-30 

SI 

44 

48 

48 

30-60 

31 

18 

18 

22 

0-60 

40 

43 

53 

47 

60-120 

15 

15 

13 

14 

All  81anks  had  ND. 

Detection  Limit  -  2 

ug/ta3. 

Grommet  weight  loss 

-  430  mg. 

Conditions:  Curbside  unit  on. 

Roadside  unit  off. 
Shelter  fans  off. 
Make-up  air  open. 


*•»»'«  V  K*.  ♦.  1»  ^  V  *.  \  %..•»  »  •  *.»•  V  *  VVV  V*  «.*  S’  C  V*  O  V*  V  M.’  V  V.’I  V  %’  V  V.*  ’ 


Wrsar. 


119 


TABLE  33 

FLUORIDE  RESULTS,  TEST  #5,  KITH  GR&WETS 


Tine  (ninutes) 

Sample  A 

Sample  B 

Sample  C 

Average 

0-30 

287 

270 

260 

272 

30-60 

40 

38 

41 

40 

0-60 

184 

175 

175 

178 

60-90 

24 

19 

24 

22 

Highest  Blank  had  9  ug/ar 3. 

Grommet  weight  loss  -  1725  ag. 

Conditions:  Curbside  unit  on. 

Roadside  unit  off. 
Shelter  fans  off. 
Keke-up  air  open. 
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TABLE  34 

FLUORIDE  RESULTS,  TEST  #6,  WITH  GROMMETS 


Tine  (nlnutes) 

Sample  A 

Saaple  B 

Saaple  C 

Average 

0-30 

395 

492 

457 

448 

30-60 

106 

90 

88 

95 

0-60 

327 

336 

327 

330 

60-90 

39 

30 

32 

34 

Highest  Blank  had  9  ug/ar3. 

Groanet  weight  loss  -  2463  ng. 

Conditions:  Curbside  unit  on. 

Roadside  unit  off. 
Shelter  fans  off. 
Make-up  air  open. 
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TABLE  35 

MAXIMUM  FLUORIDE  CONCENTRATIONS 


Experiment 

Make-up 

Air 

Roadside 

Unit 

Shelter 

Fans 

Maximum 

Fluoride  (ug/nr) 

Height 
Loss  (mg) 

2 

Open 

Off 

Off 

62 

980 

4 

Closed 

Off 

Off 

48 

430 

5 

Open 

On 

On 

272 

1725 

6 

Open 

On 

On 

448 

2468 

A 
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polymer  fume  fever  when  the  concentrations  of  hydrolyzable  fluoride  are 
approximately  50  ug/m^.  This  indicates  that  the  hydrolyzable  fluoride 
levels  found  In  the  ICC  shelter  are  unacceptably  high. 

Figures  48  through  51  are  plots  of  the  fluoride  concentration 
versus  time  for  Experiments  2,  4,  5,  and  6.  In  every  case  the  highest 
fluoride  levels  are  observed  in  the  first  thirty  minutes.  This  Initial 
peak  of  fluoride  Is  followed  by  a  sharp  decline. 

Interpretation  Of  Results 

The  results  of  the  Fort  Bliss,  Texas  experiments  clearly  show 
that  the  TFE  grommets  release  unacceptable  amounts  of  decomposition 
products  Into  the  air  of  the  PATRIOT  ICC  shelter.  Based  on  the  Phase  I 
(laboratory)  and  Phase  II  ( VSE )  experiments,  this  was  the  expected 
result.  The  data  did,  however,  contain  a  number  of  surprises. 

While  planning  the  experiments,  we  thought  that  the  fluoride 
concentrations  would  be  highest  when  the  make-up  air  flow  was  lowest  as 
it  was  In  Experiment  #4.  The  make-up  air  should  dilute  the  decomposition 
products,  so  we  assumed  that  blocking  the  make-up  air  would  be  the  worst 
case.  In  fact.  It  was  the  best  case.  The  results  from  these  experiments 
show  that  the  fluoride  concentrations  are  highest  when  the  heater/air 
conditioner  and  the  shelter  are  operated  exactly  as  they  are  designed  to 
operate.  The  worst  case  situation  appears  to  be  the  normal  operating 
condition.  This  observation  Is  discussed  In  the  following  paragraphs. 

A  portion  of  the  exhaust  air  from  the  PATRIOT  Heatei-/A1r 
Conditioners  Is  recycled  Internal  air  from  the  ICC.  When  TFE  grommets 
are  Installed  In  the  units,  the  recycled  air  is  already  contaminated  with 
hydrolyzable  fluoride.  We  expected,  therefore,  that  the  concentration  of 
hydrolyzable  fluoride  would  Increase  as  the  percentage  of  recycled  air 
Increased.  In  fact,  exactly  the  opposite  occurred.  Table  36  presents 
the  return  air  flow,  the  exhaust  flow,  the  ratio  of  the  two  flows,  the 
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FIGURE  43.  FLUORiDE  VS.  TIME.  EXPERIMENT  2  > 
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400 

360 

320 

280 

240 

200 

160 


120 


NO  Ht  RESPONSE 


FIGURE  49.  FLUORIDE  VS.  TIME,  EXPERIMENT  4 
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FIGURE  50.  FLUORIDE  VS,  TIME,  EXPERIMENT  5 
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Expert nent  2 
Experiment  4 
Expert  merit  5 
Experiment  6 


TABLE  36 

EFFECT  OF  RETURN  AIR  FLOW 

Return  Height 

Exhaust  Return  Exhaust  Fluoride  Loss  (mg) 


570 

270 

0.47 

62 

980 

490 

320 

0.65 

48 

430 

460 

280 

0.61 

272 

1725 

460 

250 

0.5* 

448 

2468 
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maxlmua  fluoride  concentration  found,  and  the  weight  loss  of  the  TFE 
grommets.  Experiment  4,  with  the  highest  return  air  flow  and  the 
greatest  percentage  of  return  air,  also  has  the  least  weight  loss  and  the 
lowest  fluoride  concentrations.  In  contrast  to  this,  Experiment  6,  with 
the  lowest  return  air  flow,  had  the  highest  weight  loss  and  the  highest 
fluoride  concentration. 

Although  these  results  are  surprising,  we  think  there  Is  a  good 
explanation  for  them.  The  return  air  In  the  PATRIOT  Heater/Air 
Conditioners  enters  the  units  directly  In  front  of  the  heating  rods.  As 
the  return  air  flow  Increases,  the  heating  rods  are  cooled  and  the  TFE 
grommets  are  exposed  to  lower  temperatures.  When  the  return  air  flow 
decreases,  the  heating  rods  get  hotter,  and  the  TFE  grommets  are  exposed 
to  higher  temperatures.  On  the  other  hand,  the  make-up  air  does  not 
appear  to  affect  the  fluoride  levels  found.  The  make-up  air  enters  the 

units  very  close  to  the  intake  of  the  squirrel  cage  fans.  This  air 

probably  does  not  pass  over  the  heater  rods,  so  it  has  no  effect  on  the 
temperatures  that  the  TFE  grommets  are  exposed  to.  The  highest  fluoride 
concentrations  were  found  when  both  heater/air  conditioners  were  running, 
and  when  the  shelter  cooling  fans  were  on.  This  increases  the  total  air 
flow  through  the  shelter,  and  Increases  the  dilution  of  the  TFE 

decomposition  products.  However,  It  also  decreases  the  return  air  flow, 
and  therefore  Increases  the  amount  of  TFE  decomposition  weight  loss)  and 
the  coocen trat  1  on  of  hydrolyiable  fluoride.  The  cooling  fans  have  the 

seme  effect  as  blocking  the  return  air  In  Phase  II.  Tha  exit  air 
temperature  Is  raised  and  the  TFE  grommets  undergo  More  rapid 
decomposition. 

Figure  52  presents  a  simplified  schematic  of  the  air  flow 
patterns  In  the  ICC  shelter.  The  instrument  panels  contain  fans  which 
pull  air  over  the  electronic  components.  The  fans  are  designed  to 
maintain  a  negative  static  pressure  inside  the  Instrument  panels.  Some 
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of  the  air  which  passes  through  the  Instrument  panels  comes  from  the 
^  Inside  of  the  shelter.  This  reduces  the  static  pressure  Inside  the 

shelter. 

«e 

A  Figure  53  shows  the  effect  of  the  reduced  static  pressure  In  the 

shelter.  The  return  air  flow  Is  not  fan  forced.  It  Is  driven  by  a 
p  pressure  differential  between  the  Interior  of  the  shelter  and  the  Inside 

^  of  the  heater/air  conditioner.  When  the  Instrument  coo  Ing  tons  are 

s.n  turned  on,  the  pressure  differential  decreases,  and  therefore  the  return 

&  air  flow  decreases. 
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The  Phase  I  and  Phase  I!  experiments  Indicated  that  20  percent 
to  30  percent  of  the  fluoride  lost  from  decomposing  TFE  appeared  as 
hydrolyzable  fluoride.  We  estimated  the  percent  conversion  In  the 
experiments  at  Fort  Bliss  using  the  following  procedure.  The  total 
Might  loss  of  the  grommets  was  divided  by  the  duration  of  the  experiment 
to  give  the  average  rate  of  weight  loss  In  mg/mln.  This  was  divided  by 
the  calculated  make-up  air  flow  In  m3/m1n.  This  ratio  Is  the  average 
concentration  of  TFE  decomposition  products  over  the  duration  of  the 
experiment.  The  average  hydrolyzable  fluoride  concentration  In  the 
experiment  was  divided  by  the  calculated  concentration  of  TFE 
decomposition  products  to  give  a  percent  conversion  of  TFE  Into 
hydrolyzable  fluoride.  An  exmaple  of  the  calculation  Is  presented  In 
Table  37  along  with  the  percent  conversions  for  the  four  experiments. 
The  conversions  ranged  from  4.3  percent  to  11.9  percent  for  the 
experiments.  61ven  the  uncertainties  concerning  the  true  air  flows,  this 
Is  reasonable  agreement. 

Field  Exposure  Incident 

During  the  testing  at  Fort  Bliss,  the  access  to  the  ICC  shelter 
was  restricted  to  the  Yersar  sampling  personnel  and  SP5  Carl  Wright 
because  of  the  possible  presence  of  hydrolyzable  fluoride  during  heater 
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TABLE  37 

CONVERSION  OF  TFE  INTO  HYDROLYZABLE  FLUORIDE 


Average 


Average 


Fluoride  Concentration 
Calculated  ug/tH 

Fluoride  Concentrate 
Observed  ug/m^ 

in  Percent 

Conversion 

Experiment  2 

676 

28.75 

4.3 

Experiment  4 

568 

27.6 

4.8 

Experiment  5 

1391 

119 

8.6 

Experiment  6 

1778 

212 

11.9 

Example  calculation  for  Experiment  6: 


*«  *  lort  ,  SjZ^  .  20. 


8  mg /win  Fluorine  lost 


413  cfm  x  — ,  -  1?  .71  mP/win. 


35.26  m* 


&£  -  1.778  mg/m3 

11.71  mVmln 


212  mg/m  found 


1778  mg/m J  calculated 


x  100  ■  11.9  percent 
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operation.  Persons  entering  the  ICC  shelter  during  most  testing  phases 
wore  protective  breathing  apparatus.  The  protective  apparatus  used  was  a 
half  face  respirator  (Wine  Safety  Appliance  type  "Confo  II  Custom 
Respirator")  equipped  with  cartridges  that  are  approved  respiratory 
protection  for  acid  gases  and  organic  vapors  (cartridges  produced  by  Mine 
Safety  Appliance) 

I 

On  20  January  1983,  during  testing  conducted  in  the  ICC,  Nr. 
John  Richards  and  SPS  Carl  Wright  entered  the  shelter  for  several  short 
periods  (2-9  Minutes)  without  respiratory  protection  during  the  tlwe  when 
the  TFE  grommets  were  exposed  to  high  heat  and  the  possibility  existed 
for  personnel  exposure  to  airborne  hydrolyzable  fluoride.  Figure  54 
presents  the  levels  of  fluoride  and  the  duration  of  exposure  to  fluoride 

either  with  (Indicated  by  a  letter  Y)  or  without  (Indicated  by  a  letter 

i  3 

M)  respiratory  protection.  For  visual  clarity  the  point  for  zero  ug/m 

of  hydrolyzable  fluoride  Is!  raised  above  the  X  axis  in  Figure  54.  The 

exposure  to  fluoride  apparently  occurred  during  Test  #2  (new  TFE 

grommets)  when  levels  of  fluoride  were  below  the  50  tig /a3  level.  The 

hydrolyzable  fluoride  concentrations  were  less  than  20  ug/fe3  during  all 

I 

exposure  periods  where  respiratory  protection  was  not  used. 
Approximately  three  hours  after  the  first  exposure  both  Nr.  Richards  and 
SP5  Wright  began  experiencing  some  Mild  adverse  health  effects,  which 
began  with  a  tightness  In  the  chest  and  coughing.  The  coughing  was 
shallow.  It  was  urrcoarf ortibl e  to  cough  deeply.  The  tightness  In  the 
chest  persisted  for  approximately  one  hour  while  the  coughing  lasted  for 
another  2-4  hours.  Approximately  four  hours  after  the  Initial  exposure, 
both  Nr.  Richards  and  SPS  Wright  felt  body  chills  that  lasted  for  2-4 
hours.  Nr.  Richards  had  a  loss  of  appetite  that  evening,  although  SPS 
Wright  did  not  experience  the  s ame  loss,  foth  persons  went  to  bed  early 
that  evening  and  felt  fine  the  next  morning  without  any  after-effects 
from  the  apparent  exposure  on  the  previous  day. 
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Outing  the  day  the  Incident  occurred,  both  Mr.  Richards  and  SP5 
Wright  were  exposed  to  similar  environmental  factors,  although  Mr. 
Richards  say  have  had  a  5-10  minute  longer  exposure  period  In  the  ICC 
shelter  than  SP5  Wright.  It  should  be  noted  that  during  the  day  both  taen 
had  worked  outside  on  a  rainy  cold  (40*F),  windy  day  for  two  1.5  hour 
periods.  Outing  that  day,  both  sen  were  exposed  to  the  high  tewperature 
conditions  Inside  the  shelter  and  quickly  exposed  to  the  coldness 
outside.  Although  these  conditions  aay  have  created  the  chill  feeling 
they  experienced,  the  other  conditions  are  remarkably  similar  to  related 
Incidents  of  exposure  to  TFT  breakdown  products,  referred  to  as  Polymer 
Fume  Fever  (PFF).  In  summary,  the  exposure  period  to  hydrolyzable 
fluoride  was  of  short  duration,  and  the  levels  of  fluoride  were  well 
below  50  mg/mi3,  but  both  aen  appeared  to  experience  the  typical 
reactions  of  exposure  to  TFT  breakdown  products. 

On  20  January  1983,  three  other  people  participated  In  the 
sampling  and  analysis:  Or.  C.  Carter  and  Nr.  J.  Foster  of  Versar,  and 
Sgt.  Lee  of  the  Fort  Bliss  BBC  school.  None  of  the*  had  any  PFF 
symptoms.  Or.  Carter  and  Sgt.  Lee  never  entered  the  she  /ter  when  TFT 
grow Bets  were  Installed.  Mr.  Foster  did  enter  the  shelter,  but  he  always 
wore  respiratory  protection. 

Conclusions 

All  three  phases  of  this  experimental  endeavor  strongly 
Indicate  that  the  Incidents  at  Fort  Bliss  In  early  Boveaber  were  caused 
by  exposure  to  the  decomposition  products  of  TFT  grommets.  The  Phase  I 
laboratory  experiments  showed  that  grow sets  from  the  PATRIOT  Heater/Air 
Conditioner  will  decompose  irfien  placed  on  heater  rods  fro*  the  PATRIOT 
ieater/AIr  Conditioners.  A  wultltude  of  decomposition  products  are 
produced,  *any  of  which  are  known  to  be  hazardous.  The  Phase  I 
experloents  showed  that  20  percent  to  30  percent  of  the  weight,  loss  of 
the  grownets  was  converted  to  hydrolyzable  fluoride.  The  experiments 
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•Iso  showed  that  hydrolyzable  fluorite  aeasuments  could  be  used  as  a 
sensitive  Indicator  of  the  presence  of  decomposing  TFE. 

The  Phase  II  experiments  showed  three  things.  First,  the 

PATRIOT  Heater/Air  conditioners  did  release  substantial  quantities  of 
hydrolyzable  fluoride  when  gnxwwts  were  Installed.  The  levels  of 
hydrolyzable  fluoride  found  were,  in  some  cases,  high  enough  to  possibly 
cause  syaptoas  of  polymer  fuse  fever.  Second,  the  amount  of 

decomposition  of  the  TFE  grommets  was  highly  dependent  on  tte  return  air 

flow.  As  the  return  air  flow  decreased  the  aanunt  of  decomposition 
Increased.  Third,  the  M8  chemical  agent  alana  did  respond  to  the 

decomposition  products  of  TFE,  but  only  at  levels  which  are  higher  than 
50  ug/m3  (Figures  46,  47).  Other  author* 1 3 ^  have  observed  symptoms 
of  polymer  fume  fever  at  hydrolyzable  fluoride  concentrations  around  50 
ug/fr3. 

The  Phase  III  experiments  showed  conclusively  that  the  PATRIOT 
Heater /Air  Conditioners  release  unacceptable  quantities  of  TFE 

decomposition  products  Into  the  PATRIOT  shelters  when  TFE  grommets  are 
Installed.  The  concentration  of  decomposition  products  Inside  the 

shelter  appears  to  Increase  as  the  return  air  flow  decreases. 

Furthermore,  the  concentrations  are  highest  when  the  shelter  air  handling 
system  Is  operated  exactly  as  designed. 

The  Phase  III  sampling  also  showed  conclusively  that  the  M8 
chemical  agent  alarm  was  not  sensitive  enough  to  serve  as  an  alarm  for 
decomposing  TFE.  In  experiments  2  and  4,  the  hydrolyzable  fluoride 

reached  a  maximum  of  62  and  48  ug/m3  (Figures  48,  49).  The  M8  chemical 
agent  alarm  did  not  respond  during  either  of  these  experiments.  During 
these  experiments,  two  of  the  members  of  our  sampling  team  temporarily 
removed  their  respirators.  Shortly  thereafter,  they  developed  mild 
symptoms.  In  Experiments  5  and  6,  the  hydrolyzable  fluoride  reached  a 
maximum  of  272  and  448  ug/m3.  The  M8  chemical  agent  did  respond,  but 
after  the  hydrolyzable  fluoride  was  well  above  50  ug/m3  (Figures  50, 
51).  In  addition,  it  stopped  responding  at  concentrations  much  higher 
than  50  ug/m  . 
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Staff:  Neil  B.  Jurlnskl  and  John  Richards  ***-"i—_ 

Oate:  8-9  November  1982 

Site:  Fort  Bliss,  £1  Paso,  TX 

PURPOSE:  To  conduct  Interviews  with  Individuals  reporting  adverse  health 
effects  associated  with  work  activities  In  shelter  units  equipped  with  Keco 
Industries  heatlng/alr  conditioning  (H/AC)  units. 

BACKGROUND:  Prior  events  have  given  Indications  of  the  production  of  a  toxic 
material  during  use  In  the  heating  mode  Inside  the  shelters  equipped  with 
these  H/AC  units.  It  was  not  known  whether  the  high  heat,  low  heat  or  both 
inodes  of  operation  were  involved* 

Extensive  sampling  and  analysis  of  the  suspect  units  to  collect  and 
Identify  toxic  airborne  contaminants  had  given  negative  results  for  the 
presence  of  significant  levels  of  cyanides,  carbon  monoxide,  carbon  dioxide, 
sulfur  dioxide.  Inorganic  fluorides  and  organic  vapors.  Low  levels  of  benzene 
and  toluene  were  observed.  One  laboratory  reported  the  presence  of  acrolein 
In  one  set  of  samples.  High  temperature  testing  of  samples  of  the  materials 
of  construction  from  the  unit  gave  no  positive  results  to  explain  the  reported 
health  effects. 

PRESENT  ACTIVITY:  A  series  of  unrelated  exposures  of  seven  Individuals 
occurred  at  Fort  Bliss,  TX  over  a  period  of  approximately  two  weeks.  Six  of 
the  Individuals  concerned  were  assembled  and  Interviewed,  first  Individually 
and  then  col lectlvely,  to  assemble  the  reports  of  symptoms  and  to  determine 
any  commonality.  The  following  persons  were  Interviewed: 

Mr.  Daniel  J.  Young,  44,  former  smoker,  Raytheon 
Mr.  Philip  Kennedy,  32,  smoker,  Raytheon 
Mr.  Sar7  A.  Talbot,  35,  smoker,  Raytheon 
SGT  Donald  B.  Olson,  34,  non-smoker,  DA 
SP5  Carl  A.  Wright,  24,  non-smoker,  DA 
CW2  Henry  L.  Haberkamp,  35,  pipe  smoker,  DA 
One  Individual,  Mr.  Mazzochl  (Civil  Service),  was  not  available  due  to  a 
previously  scheduled,  unrelated  medical  appointment.  Reports  of  their 
Individual  statements  are  appended. 

As  a  result  of  considering  the  separate  reports  plus  the  comments  from 
the  group  session,  the  following  generalizations  may  be  made  concerning  the 
nature  and  presence  of  a  toxic  agent. 

1.  There  appears  to  be  sufficient  evidence  to  state  that  one  or  more 
toxic  chemical  substances  are  produced  and  released  to  the  air  while 
using  the  heating  mode  of  operation  of  the  H/AC  unit. 

2.  The  material (s)  produced  can  be  generated  during  the  low  heat  mode  of 
operation. 

3.  The  material (s)  may  be  produced  rapidly  and  exhibits  Its  toxic  effects 
rapidly,  possibly  within  3-5  minutes  In  some  cases. 

4.  Susceptibility  to  the  materials  varies  between  different  Individuals. 

5.  Human  recognition  of  the  presence  of  the  material (s)  may  occur  by 
odor,  but  not  all  affected  persons  noted  an  odor.  Coughing  and 
dryness  of  throat  are  the  most  commonly  reported  effect  first  noted. 
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6.  In  most  cases  interviewed  there  was  not  a  report  of  Irritation  or 
burning  sensation.  No  eye,  nose,  throat,  larynx,  chest  or  skin 
Irritation  was  reported,  except  by  one  Individual  who  reported  burning 
eyes  and  whroat  but  no  other  effects.  No  vision  problems  were 
reported. 

7.  Other  common  symptoms  reported  by  more  than  one  person  were  severe 
headaches,  chest  pains  described  as  tightness  across  the  uoper  chest, 
and  Inability  to  sleep  normally  or  sleeplessness. 

8.  One  Individual  did  not  report  sensing  any  Iraedlate  effects,  and  had 
been  In  the  shelter  for  approximately  four  hours  during  heater  usage. 
His  symptoms  Included  severe  headaches  and  chest  pains  lasting  for  2 
days  following  his  exposure.  Subsequently  he  developed  a  feeling  of 
nausea,  lack  of  appetite  and  constipation.  In  addition  he  experienced 
lightheadedness  and  a  sense  of  disorientation.  These  symptoms 
gradually  diminished  with  time,  but  some  still  persisted  on  the  day  of 
the  Interview  (6  days  following  exposure).  A  biological  source  of 
these  symptoms  can  not  be  eliminated. 

9.  Similar  symptoms  were  noted  by  persons  working  In  other  shelter 
enclosures  equipped  with  the  same  type  of  H/AC  units. 

10.  Persons  having  short  exposure  periods  recovered  from  their  perceived 
symotoms  within  a  short  period.  Persons  with  longer  duration 
exposures  had  persistent,  long  duration  effects. 

11.  Headaches  were  developed  by  persons  with  longer  duration  exposures. 
Since  these  exposures  were  not  perceived  In  any  way.  It  may  be 
Indicative  of  a  longer  term,  lower  concentration  exposure  period. 

12.  Sleeplessness  was  a  common  symptom  reported  by  those  exposed  briefly 
as  we1!  as  those  with  longer  term  exposures. 

An  Inspection  of  the  H/AC  units  was  performed  In  several  of  the  units 
reported  Involved  In  producing  symptoms.  Only  the  heater  section  of  the  H/AC 
units  was  inspected.  Two  different  types  of  defects  were  observed  during  the 
physical  Inspection  of  the  ICC  shelter:  heater  rod  deterioration  and  teflon 
grommet  damage. 

In  the  roadside  unit  approximately  one  third  of  the  heater  rods  showed 
visible  signs  of  deterioration.  The  surface  layers  were  a  mottled  color  and 
the  surface  was  pitted  and  irreaular  over  approximately  half  their  length. 
The  remainder  of  the  rods  had  an  >  n  colored  appearance  and  showed  no  visible 
signs  of  damage.  The  damaged  ruus  had  a  fine-particle  layer  of  brown  solid 
material  that  could  be  easily  wiped  off  the  surface.  A  slight  odor  was 
associated  with  this  fine-particle  substance. 

Teflon  grommets  used  to  position  the  heating  rods  within  their  metal 
frame  were  also  noted  as  damaged.  Some  grommets  were  loose  and  easily 
rotated,  some  were  partially  melted,  and  at  least  one  was  completely  missing. 
Damage  to  grommets  was  evident  In  both  the  road  side  and  the  curb  side  units. 

Subsequent  to  the  physical  inspection  of  the  H/AC  units  of  the  ICC 
shelter,  an  Inspection  was  made  of  the  H/AC  units  on  the  nearby  CRG  shelter, 
the  scene  of  earlier  comolalnts.  The  same  type  of  damage  to  teflon  grommets 
was  noted  In  the  CRG  shelter  as  in  the  ICC  .;elter.  No  damage  to  heating  rods 
was  noted  in  the  CRG  shelter. 
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SPECULATIONS:  Based  upon  the  previously  mentioned  reports  and  observations, 
several  speculations  may  be  proposed  to  assist  In  obtaining  a  solution  to  this 
problem  during  further  Investigations. 

1.  One  or  more  toxic  material  (s)  are  released  during  heater  operation  due 
to  pyrolysis  of  the  teflon  polymers  of  the  grommets. 

2.  At  least  one  acutely  toxic  substance  Is  released.  Observed 
physiological  symptoms  correlate  well  with  literature  reported 
symptoms  of  carbonyl  chloride  (phosgene)  and  It  Is  quite  possible  that 
carbonyl  fluoride  Is  the  material  In  question. 

3.  Other  organic  fluoride  compounds  nay  be  released  In  addition  to 
carbonyl  fluoride,  however  It  Is  unlikely  that  significant  amounts  of 
hydrogen  fluoride  or  fluorine  are  contained  In  the  off-gas  products  of 
decomposition  due  to  the  general  lack  of  reported  Irritation. 

4.  Verification  of  the  nature  of  the  toxic  contaminants  through  sampling 
and  analysis  should  concentrate  on  the  determination  of  the  teflon 
decomposition  products.  Since  pyrolysis  reactions  may  release 
different  compounds  at  different  conditions  of  time  and  temperature, 
care  In  defining  a  sampling  protocol  Is  needed  to  avoid  missing  the 
temperature  zone  of  Interest  during  the  sampling  phase. 

RECOMMENDATION:  In  the  future,  any  person  known  to  receive  «n  exposure  to 
these  substances  should  be  referred  to  a  physician  for  observation  for 
carbonyl  halide  exposure  and  checked  for  the  possible  development  of  pulmonary 
edema. 


Subject:  Hi*.  Daniel  J.  Young,  Raytheon  Corp. ,  age  44,  former  smoker. 

Date  of  Incident:  approximately  26  October  1982  (2  weeks  ago). 

Summary  of  the  Scene:  On  the  day  of  Incident,  4  other  persons  were  In  the 
shelter  but  showed  no  effects.  People  were  engaged  In  software  work  and  did 
no  activities  to  generate  any  contaminants.  Subject  was  dressed  with  a  tie 
and  short  sleeve  shirt.  Outside  weather  was  dry  and  smny,  temperature  about 
4<TF,  outside  air  pollution  level  was  about  normal,  time  was  about  9  AH.  Both 
heaters  were  on  low  heat. 

Effects  Noted:  Upon  entering  the  shelter  he  closed  the  door,  turned  around 
and  Immediately  began  coughing.  The  cough  was  e  high  cough,  as  If  something 
was  stuck  In  the  throat.  He  was  standing  directly  ,'n  the  air  stream  from  the 
N/AC  units  In  front  of  the  rear  door.  His  throat  was  very  ary,  and  he  hjrt 
trouble  sustaining  Ms  breath.  After  staying  about  4-3  minutes,  he  couldn  t 
stop  coughing  and  left  the  shelter.  Once  outside  he  stopped  coughing  In  about 
1-2  minutes.  Since  that  time  he  has  noted  a  problem  sleeping,  but  can  not  be 
sure  that  this  Is  related  to  the  Incidence.  Ho  recalls  having  a  sharp 
headeche  across  the  rear  crown  of  his  head,  and  reports  that  he  seldom  gets 
headaches.  He  did  not  seek  medical  attention  since  the  coughing  stopped  -» 
rapidly. 


‘3*  Other  Observations:  Other  persons  in  the  shelter  did  not  appear  to  experience 

any  symptoms  of  which  he  was  aware.  An  odor  or  fragrance  was  noted  that  he 
described  as  "sweet",  but  he  could  not  further  Identify  It.  At  the  present 
time  he  felt  that  he  was  fighting  an  allergy  or  possibly  something  "...related 
£•  to  pollen". 
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INDIVIDUAL  EXPOSURE  REPORT 


Subject:  Mr.  Philip  Kennedy,  Raytheon  Corp.,  age  32,  sacker. 

Date  of  Incident:  4  November  1982 

S'jjm wry  of  the  Scene:  On  the  day  of  Incident,  1  other  person  (6.  Talbot)  was 
In  the  shelter.  Both  were  engaged  In  software  work  and  did  no  activities  to 
generate  any  contaminants.  Subject  was  dressed  with  casual  clothing  with  no 
restrictions  around  neck.  Outside  weather  was  dry  and  sunny,  temperature 
about  45  F,  outside  air  pollution  level  was  aoderate,  tlae  was  about  7  PM. 
Both  heaters  were  on  low  heat  with  maximum  setting, - . - 

Effects  Noted:  Within  4-5  minutes  of  turning  on  the  heater  (low  heat,  maximum 
setting)  he  noted  a  dryness  In  the  throat  and  his  aucous  membranes.  He  also 
had  an  Irritation  of  the  eyes  and  throat,  but  did  not  experience  coughing.  He 
had  tone  blinking  and  watering  of  the  eyes.  His  chest  felt  tight,  similar  to 
the  feeling  you  get  when  you  are  In  a  dry  sauna.  It  took  about  3-4  hours  for 
the  dryness  to  leave  his  throat.  He  reported  some  difficulty  In  sleeping  at 
night  for  that  one  night.  During  the  subsequent  group  discussion,  he  recalled 
having  had  a  strong  headache  the  week  prior  to  this  event,  right  after  having 
worked  Inside  the  ECS  unit  under  similar  conditions. 

Other  Observations:  His  work  partner  (S.  Talbot)  experienced  wore  reaction 
than  he  hlaself  did,  as  Indicated  by  his  coughing.  He  noted  an  odor  like  an 
"electrical  element"  sael 1  similar  to  "burned  oxide  like  heated  copper",  plus 
srae  other  odor.  The  odor  could  not  be  further  described,  but  was  not 
pleasant.  He  noted  that  his  "...eyes  are  not  sensitive  to  CS  or  tear  gas." 
No  medical  attention  was  sought.  He  did  not  necessarily  relate  the 
sleeplessness  to  the  effects  of  exposure,  but  thought  It  might  be  due  to  some 
anxiety.  He  Is  aware  that  he  has  some  allergies  and  so  wasn't  worried  by  his 
symptoms.  After  the  first  event,  the  heaters  were  turned  up  to  maximum  heat 
to  “burn  In  the  heater"  for  about  one  hour  while  the  two  went  to  dinner.  Upon 
return,  the  shelter  was  vented  and  they  continued  werk.  He  had  no  effects  at 
the  time  of  re-entry. 
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INDIVIDUAL  EXPOSURE  REPORT 


Subject:  Mr.  Gary  A.  Talbot,  Raytheon  Corp. ,  age  35,  saoker. 

Date  of  Incident:  4  November  1982 

SuMaary  of  the  Scene:  On  the  day  of  Incident,  1  other  person  (P.  Kennedy)  was 
In  the  shelter.  Both  were  engaged  In  software  wort  and  did  no  activities  to 
generate  any  contaalnants.  Subject  was  dressed  with  casual  clothing  with  no 
restrictions  around  neck.  Outside  weather  was  dry  and  sunny,  temperature 
about  45  F,  outside  air  pollution  level  was  aoderate,  tlae  was  about  7  PM. 
Both  heaters  were  on  low  heat  with  aaxlaua  setting. 

Effects  Noted:  The  primary  effects  noticed  were  severe  coughing  and  a  chest 
pain  slallar  In  feeling  to  pleuracy.  He  also  experienced  a  dryness  of  throat 
and  difficulty  In  sleeping.  The  coughing  lasted  for  about  3-5  alnutes  after 
leaving  the  shelter.  Chest  pain  was  noted  only  when  he  took  a  deep  breath. 
On  the  second  time  In  the  shelter  (after  the  high  heat  period)  he  reentered 
and  started  coughing  after  1-1.5  alnutes.  After  venting  the  shelter  he 
coughed  for  about  5-10  alnutes,  then  continued  to  work  with  the  unit  on  In  the 
air  conditioning  mode  for  the  rest  of  the  shift.  Difficulty  sleeping  lasted 
for  about  4  nights.  The  chest  pains  lasted  for  about  2  days  and  then  were 
gone.  He  experienced  some  tearing  In  his  right  eye.  He  attributed  this  to 
the  fact  that  his  right  eye  has  very  active  tear  ducts  as  a  result  of  former 
eye  surgery  on  his  right  eye,  and  to  the  extensive  coughing  which  he  did. 
This  eye  was  a  little  painful,  but  similar  to  the  effect  he  notices  from 
cigarette  smoke. 

Other  Observations:  His  work  partner  (P.  Kennedy)  was  bothered  by  Irritated 
eyes,  but  apparently  no  other  problems.  His  first  Idea  of  any  problem  was 
from  the  coughing.  He  was  n-rt  aware  of  any  odor  or  that  the  heater  had  been 
turned  on.  He  noted  a  peculiar  odor  when  he  stood  up  from  the  sitting 
position  In  which  he  was  working.  This  odor  resembled  the  smell  from  new 
electrical  equipment.  He  did  not  receive  any  medical  attention,  but  had 
considered  seeing  a  doctor  If  the  chest  pain  did  not  subside  within  another 
day  or  two.  He  has  no  known  allergies. 
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INDIVIDUAL  EXPOSURE  REPORT 


Subject:  SST  Donald  B.  Olson,  US  Amy,  age  34,  non-smoker. 

Date  of  Incident:  3  November  1982 

Summary  of  the  Scene:  On  the  day  of  Incident  he  was  performing  training 
sessions  Inside  the  shelter.  He  trained  4  groups  of  4  students/group,  40 
alnutes/group  during  the  period  from  0830-1330.  Approxlamtely  0630  he  first 
entered  the  shelter  and  turned  both  heaters  on  low  heat.  By  1030  the  air  had 
warmed  sufficiently  that  he  turned  off  the  heaters  and  placed  the  units  in  the 
air  conditioning  mode  for  the  remainder  of  the  day.  The  day  was  a  normal  day 
with  no  severe  wea t her  extremes.  No  high  levels  of  air  pollution  were 
remembered.  Morning  temperature  was  about  37-40°F.  None  of  the  persons  In 
the  shelter  on  that  day  exhibited  any  apparent  symptoms  at  the  time  except  for 
one  person,  PVT  Wilson.  Wilson  complained  after  about  10  minutes  inside  the 
shelter  while  the  heaters  were  on,  that  he  felt  nauseous  and  had  to  leave.  He 
went  on  sick  call  for  the  rest  of  the  day.  Wilson  had  previously  shown  flu 
symptoms  and  thus  this  event  was  considered  to  be  related  to  the  prior  flu 
problem.  Olson  had  previously  worked  Inside  the  trailer  on  both  Monday  and 
Tuesday  with  no  apparent  symptoms  on  those  days. 

Effects  Noted:  Olson  first  noted  a  headache  about  1500  after  finishing  the 
training  sessions.  He  described  It  as  a  sinus-like  headache,  across  the  front 
of  his  eyebrows  and  the  temples.  That  evening  It  got  worse  and  he  laid  In  bed 
after  dinner  from  about  2030  to  2230,  during  which  time  the  pain  got  worse  and 
was  located  all  throughout  his  head.  He  then  got  up  and  took  an  aspirin  (an 
unusual  event  for  him)  and  shortly  felt  asleep.  The  next  morning  (Thursday) 
the  headache  was  gone  and  he  went  back  In  the  shelter  for  approximately  1 
hour.  The  heater  was  not  on  that  day.  In  the  afternoon  his  headache  returned 
as  a  dull  ache.  On  this  day  he  started  to  experience  a  nauseous  feeling,  and 
In  the  afternoon  he  noted  a  catch  In  his  throat,  similar  to  that  experienced 
by  draining  sinuses.  By  Friday  the  nauseous  feeling  was  very  pronounced  and 
he  doesn't  recall  whether  he  had  any  headache  associated  with  it.  On  Saturday 
although  he  had  no  headache,  the  feeling  of  nausea  persisted,  but  at  a 
somewhat  lessened  level.  By  Sunday  this  feeling  had  fairly  well  left.  Olson 
experienced  no  bowel  movements  from  Wednesday  through  till  Saturday  afternoon. 
During  the  time  of  constipation  he  also  experienced  stomach  cramps.  At  this 
time  he  had  a  diminished  appetite,  but  otherwise  could  eat  or  drink  normally. 
He  noted  that  30-40  minutes  after  eating,  he  experienced  sharp  pains  In  the 
stomach.  On  Sunday  he  felt  fairly  normal.  During  the  period  (from  Thursday 
until  the  Monday  interview)  Olson  felt  somewhat  highly  disoriented.  He 
described  It  as  being  unable  to  concentrate  adequately  on  a  task.  This 
feeling  has  slowly  diminished  with  time,  and  by  8  Novenfcer  was  almost  at  a 
normal  level,  but  he  felt  still  somewhat  at  an  impaired  level  of  performance. 

Other  Observations:  Ho  unusual  odors  were  noted,  aside  from  “the  normal 
smell*.  During  the  Wednesday  training  sessions  the  thermal  (hard  copy) 
printer  was  heavily  used  and  Its  smell  was  quite  strong;  Ho  operations  were 
performed  which  would  have  generated  any  fumes  except  use  of  a  thermal 
printer.  No  apparent  signs  of  a  problem  were  ever  noted  while  In  the  shelter. 


3 


A 

& 


i 


0+ 

B 


1 

S 


v. 


15 


AJ  -/‘JO 


8 


On  Friday,  a  civilian  Instructor  (Mr.  Mazocchl)  using  the  shelter  reported 
that  he  had  a  headache.  He  spent  considerable  tine  In  the  van  on  Friday,  but 
the  heaters  Here  apparently  not  In  use  on  that  day  except  perhaps  early  In  the 
aornlng.  Olson  has  no  known  allergies.  He  reported  that  he  had  received  a 
flu  shot  In  the  week  of  25  October  and  subsequently  experienced  a  102°F  fever. 
Aside  froa  that  he  had  no  apparent  Illnesses. 
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INDIVIDUAL  EXPOSURE  REPORT 


Subject:  SP5  Carl  A.  Wright,  US  Amy,  age  24,  non-saoker. 

Date  of  Incident:  5  November  1982 

Summary  of  the  Scene:  On  entering  the  shelter  at  1430  to  test  the  heaters 
there  were  3  Raytheon  people  already  Inside  working.  Wright  and  Mr.  Haberkamp 
entered  and  Wright  turned  on  the  two  heater  units,  one  to  high  heat  and  one  to 
low  heat  aodes.  No  operations  were  conducted  that  would  generate 
contaminants.  Raytheon  persons  were  not  soldering  or  saoklng,  only  performing 
Maintenance  checks.  The  outside  weather  was  overcast,  about  65°F  with  no  wind 
and  no  not 1 cable  sang  levels. 

Effects  Noted:  Wright  was  standing  In  front  of  the  unit  trying  to  smell  an 
odor.  He  noted  some  feeling  of  lightheadedness,  which  he  attributes  to  his 
hyperventilating  to  detect  an  odor.  This  feeling  arose  In  3-4  minutes.  He 
also  experienced  a  dry  south  and  running  nose  In  about  5  alnutes.  The 
symptoms  lasted  for  approximately  1-1.5  hours,  and  no  lasting  effects  persist. 
After  5  alnutes  In  the  shelter  ha  turned  off  the  heaters  and  left  the  shelter. 
No  other  syaptaas  were  noted. 

Other  Observations:  The  odor  noted  was  described  as  slallar  to  a  stove 
heating  element.  No  other  odors  were  noted.  Mr.  Haberkaap  was  observed  to 
experience  chest  tightness.  One  Raytheon  person  complained  his  eyes  burned, 
but  during  this  tlae  the  unit  was  used  In  the  vent  node.  One  Raytheon  nan 
mentioned  lightheadedness  also.  Wright  has  no  known  allergies.  He  did  not 
seek  any  nedlcal  attention. 
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INDIVIDUAL  EXPOSURE  REPORT 


Subject:  CW2  Henry  l.  Haberkamp,  US  Arey,  age  35,  pipe-smoker. 

Oate  of  Incident:  5  November  1982 

Summary  of  the  Scene:  On  entering  the  shelter  at  1430  to  test  the  heaters 
there  were  3  Raytheon  people  already  Inside  working.  Mr.  Haberkamp  entered 
with  SP5  Wright.  No  operations  were  conducted  that  would  generate 
contaminants.  Raytheon  persons  were  not  soldering  or  smoking,  only  performing 
Maintenance  checks.  The  outside  weather  was  clear,  scattered  clouds,  about 
70°F  with  no  wind. 

Effects  Noted:  After  Wright  turned  on  the  heaters  (left  unit  on  high,  right 
unit  on  low)  Haberkamp  went  to  rear  of  ICC  and  closed  door.  He  turned  around 
and  stayed  about  2  feet  In  from  door.  In  the  air  streaa  from  the  heater.  He 
Immediately  noted  a  smell  and  Immediately  felt  a  tightness  of  the  chest 
described  as  a  constriction  of  the  upper  chest,  similar  to  what  one  would  feel 
with  a  cold.  This  chest  pain  lasted  for  about  1  hour.  That  night  he  had 
trouble  sleeping,  but  attributed  It  to  other  personal  Items  on  his  Kind.  He 
also  experienced  a  dryness  of  the  throat.  No  other  symptoms  were  noted. 

Other  Observations:  The  odor  was  described  as  like  a  new  heating  element  plus 
another  smell.  It  was  stronger  than  just  a  heater  heating  up.  He  reported  no 
other  persons  appeared  to  be  affected,  but  one  Raytheon  person  reported 
noticing  an  odor.  He  did  not  seek  any  medical  attention.  No  symptoms 
persisted  beyond  1  hour  or  returned.  He  did  not  note  any  other  slgrs  of 
malfunction  of  the  units. 
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APPENDIX  0 


Report  of  Investigation  -  Selection  of 
Overt enperature  Switch  Setting 


REPORT  OF  INVESTIGATION 


SUBJECT:  Selection  of  Overteopetacure  Switch  Setting  for  Re¬ 

located  Switches  in  the  PATRIOT  18,000  BTUH,  Split- 
Package  Air  Conditioner. 

CONTRACT:  DAAK7 0-81-0-0109,  Task  Order  0055 

DATES  OF  INVESTIGATION:  November  24,  1982  -  February  11,  1983 

INVESTIGATION  LOCATION:  VSE  Corporation,  2550  Huntington  Avenue, 

Alexandria,  Virginia 

REPORT  WRITER:  Robert  B.  Sherfy,  Project  Engineer 

INVESTIGATION  OBJECTIVES :  a.  Determine  proper  settings  for  overtemperature 

switches  relocated  to  the  back  wall  of  the  evap¬ 
orator* 

b.  Retrofit  one  air  conditioner  with  the  selected 
switches  and  check  frr  proper  operation. 


BACKGROUND:  Engineer  change  proposal  (EC?)  82CE0387  modifies  the  PATRIOT  air 
conditioner  heater  elements  from  unfinned  to  finned  to  increase  heater  element 
life.  Part  of  this  ECP  will  also  relocate  the  heater  overtemperature  switches 
from  e  position  just  above  the  right  fresh  air  intake  to  a  location  on  the  evap¬ 
orator  compartment  back  wall,  directly  behind  the  beater  elements.  This  reloca¬ 
tion  was  needed  because  cold  outside  air  entering  the  right  hand  fresh  air  in¬ 
take  would  envelop  the  overtemperature  switches,  preventing  them  from  detecting 
an  overtemperature  condition  in  the  vicinity  of  the  heaters.  The  relocation  of 
these  switches  to  the  evaporator  back  wall  will  make  them  less  affected  by  the 
fresh  air  intake  and  more  responsive  to  excessive  temperatures  within  the  unit. 
The  close  proximity  of  the  relocated  switches  to  the  finned  heater  elements 
requires  that  the  switch  opening  settings  be  changed  from  150  F  to  210  F.  These 
changes  will  be  incorporated  in  the  third  year  quantity  of  air  conditioners  to 
be  fabricated  under  production  contract  DAAK70-80-C-0114. 


However,  by  the  time  this  change  proposal  can  be  implemented,  approximately  744 
split-package  air  conditioners  will  have  been  manufactured  with  unfinned  heater 
elements  and  overtemperature  switches  located  near  the  fresh  air  intake.  The 
U.S.  Army  Mobility  Equipment  Research  and  Development  Command  (MERADCOM)  has 
requested  VSE  Corporation,  under  Task  Order  No.  0055  of  Contract  DAAK70-81-D-0109, 
to  investigate  a  "quick  fix"  involving  the  relocation  of  the  overtemperature 
switches  while  retaining  the  unfinned  heater  elements.  This  report  documents 
that  investigation. 


DISCUSSION:  A  PATRIOT  air  conditioner,  S/N  81013,  was  operated  In  the  high  heat- 
warmer  mode  in  shop  ambient  air  with  up  to  approximately  80  percent  of  the  return 
air  opening  area  restricted.  Results  of  the  test3  are  presented  in  Attachment 
1.  With  70  F  ambient  return  air  a  high  temperature  of  166  r  wis  experienced 


on  the  back  wall  of  the  evaporator  section  in  the  approximate  future  gosition 
of  the  relocated  overtemperature  switches.  Allowing  an  additional  10  F  rJse 
in  return  air  temperature,  a  safety  factor  of  20°F  to  prevent  nuisance  tripping 


Report  of  Investigation 
Over temperature  Switch 
Setting,  PJO  0300. 055 


March  15,  1983 


and  account  for  discrepancies  in  test  set-up  and  unit  fabrication,  and  a  F 
tolerance  in  switch  manufacture,  the  resulting  switch  setting  would  be  20"z  F. 

The  writer's  opinion  is  that  this  is  close  enough  to  the  210°F  setting  of  the 
final  switches  to  be  used  with  EC?  82CE0387,  to  justify  using  this  210  F  setting. 
The  advantage  would  be  a  one  time  change  in  overtemperature  switch  setting  and 
switch  location. 

New  overtemperature  switches  were  ordered  with  210°F  +  6°F  settings.  These 
were  Installed  at  the  new  back  wall  location  in  air  conditioner  S/N  81013. 

Tests  were  again  performed  with  a  restricted  return  air  opening.  Uith  a  70  F 
shop  ambient  air  temperature,  no  switches  tripped,  up  to  an  85  percent  restricted 
return  air  opening.  However,  with  a  90  percent  restriction,  the  switches  trapped 
regularly t  The  maximum  temperature  recorded  at  the  right  drain  tube  was  203  F, 
well  below  the  450°-500°F  maximum  tolerance  of  silicone  tubing.  See  test  results 
in  Attachment  2. 


CONCLUSIONS:  The  210  F  overtemperature  switch  setting  is  satisfactory.  It  is 
high  enough  to  prevent  nuisance  tripping  under  any  but  the  worst  adverse  con¬ 
ditions,  and  low  enough  to  prevent  major  damage  and  dangerous  outgasslng  of 
susceptible  materials  in  the  evaporator  compartment. 

RECOMMENDATIONS i  Implement  the  "quick  fix"  change  using  210°F  over temperature 
switch  settings. 
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03  krmy  Troop  Support  & 

Aviation  Materiel  Readiness  Command 
ATIlls  DRSTS-TIB  (Mrs.  Beckman) 

4300  Coodfellov  Blvd 
St  Louis,  MO  63120 


1.  Reference  la  made  to  IMST3-TT B  letter  dated  4  Nov  1983,  SAB. - 

2.  Jha  additional  Information  r«  uuestcJ  in  the  referenced  letter  I3  as  follows 

a.  The  Beivoir  R4D  Center  hu-»  renaved  the  teflon  grommets  from  all  PATRIOT 
air  conditioners. 

b.  The  schedule  for  the  replacement  and  relocation  of  the  over  temperature 

switch  In  PATRIOT  air  conditioner?  with  30 - arid  81....  serial  number  is  as 

follows: 

Award  contract  for  cu.difyinv  172  air  conditioners  15  Mar  84 

First  delivery  of  rod! rind  air  conditioners  15  Jun  84 

Complete  JO  Sep  84 

Note:  (1)  62  air  con-'. i  i io-v.-rs  v.  ip  n.odified  under 

separat  e  purcha  ora.  r  in  Aug  83. 

(2)  Completing  the  schedule  by  30  ip  34  is 
dependent  ii^n  cu<;  replacement  and  return 
to  Ft  tiiTv.  £r  of  air  ot  ruli  cipnors  that  are 
curr-mrlv  tie!d*-!  -ith  1  no  PAl'Rlo;  Missile 
Sys  t  on . 

(3)  ?AL'7IC~  a  '  r  cm  : .  i oi.ers  with  ?2  serial 
numbers  :  u:u  the  nuv  anc  relocate-.  over 
teeptraterc  switch. 

c.  The  action  to  t re.-"- per  1'  all  k.-.nvn  ECV'z-  into  the  Technical  Data  Packag 
will  be  completed  Ly  1  fan  84. 
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dTRBE-EPAT 

SC3JZC7:  Transit loo  of  PATRIOT  Air  Conditioner,  18K  BTU 


3.  22  additional  information  Is  required,  request  that  you  contact  this  office 

FOR  THE  COMMANDER: 


at 

DRSTS-WX  (Plllarick) 
DRCre-HD-T-C  (Huie) 
DRCPM-KD-M-C 

STOS-EPAT  (Irantly,  Sams) 
-  -EM  (Good) 

-TQ  (Graham) 

-OR  (Gutman) 


ROBERT  M.  McKECHNTE 
Development  Project  Officer 
PATRIOT  Support  Project  Office 
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^tflfiJSCTs  PATRIOT  Air  Ccr.di  ti oners 

pPV 

my^ 

?T9j«ct  Manager 

aemOT  Missile  Svstcz,  DA-  :cm 

*339*:  DRCPM-MD-K-G 

JtsiSatOOa  Arsenal,  Alabama  3589  8 
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I .  Belvoir  R&  D  Center  is  in  the  process  cf  modifying  the  1st  and  2nd 

Production  year  air  conditioners  with  8C - and  81-: —  serial  numbers. 

Enclosure  1  is  a  list  of  ircJ  i  f  i  c  i t  ions  that  will  be  made  to  the  air 
conditioners.  Sixty- two  air  ccrditioners  have  been  modified  to  date. 

A  contract  is  in  r...-:ct  rat  ion  and  should  be  awarded  in  early  yarch  1984 
for  the  modification  of  the  remaining  170  air  conditioners. 


2.  In  order  to  c.-nlste  the  i  f  I  ca  t  icn  program,  i 

necessary  to  return  all  the  EC - :.nd  SI - serial  r.u 

ditione-rs  to  Bc-lvcir.  7h>  .'.noli carle  air  conditioner 
at  NCAD  have  been  snipped  to  Eel voir  and  will  be  medi 
the  contract  is  aw.ir.ied.  Action  .  s  n— rnrsary  to  have 
ditioners  located  at  ~ay  t:  •  n  ,  *'•  rt  »!  iss  •'*£>:?. ,  LEAD, 
shipped  to  Belvoir.  .Iviiv  ur-.-  1  lists  tr.  :•  air  cone  it 
locations.  Plans  art-  ro  r  -  p  1  a  ‘  h  e a •;  Air  ccnditicr.e 
serial  numbered  units  cur :  m ti y  i ..  MAD .  personnel  f 
will  assist  in  th mangos,  >.-tc. 
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3.  Assistance  is  t  :u :  s  t  ec  from  year  office  in  obtaining  approval 
from  Raytheon,  Fort  si  i  s  s  .•  V.  -’  v.y  ,  ■  FAD,  and  MICCM  for  the  ch.irigeeut  of 
the  air  cond  i  t  ic  n  .-r  s  .  Th  ■  «  is  :-.pjir*c  at  an  early  cate  so  that  the 
air  conditioner  w:.  he  oi.:.:d*d  -  t  tr. :  2  .-1  voir  contractor  for  modifi¬ 


cation.  It  shcul <; 
comoleted  bv  30  r'-.v  5  4. 


. : VO r r  contractor  for  mocifi- 
1 1  is  recti r-.d  *.c  be 


mop i tig k  of  r-.^?ic.r  a i ?  cc::oiTicyj.RS 
(50- —  4  81 -  Serial  Numbers) 

-  -tvy  • 

1.  Remove  heater  limit  switches. 

2.  Relocate  and  install  n*w  heater  limit  switches. 

3.  Alter  heater  (Cal  Rod)  mounting  brackets. 

4.  Rewire  Time  Delay  Relay  (K5). 

8.  Replace  condensate  drain  tub : s  . 

6.  Inspect,  assemble,  ar.c  eperar ic rally  t<  st  the  unit. 

7 .  Recrate  to  Level  B/A  packaging. 
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APPCNOIX  Q 


MCRAOCOfl  Letter  -  PATRIOT  Air  Conditioners 


: 


DEPARTMENT  OF  THE  ARMY 
US  ARMY  QELVGiR  RESEARCH  ft  DEVELOPMENT  CENTER 
FQRT  BELVOIR.  VIRGINIA  22060 


STRBR-EPAT 

< 

SUBJECT:  PATRIOT  Air  Conditioner 


DEC  0  9  t983 


* 


s 


Project  Manager 

PATRIOT  Missile  System,  DARCOM 
ATTN:  DRCPM-MD-T-C  (Huie) 
Redstone  Arsenal,  AL  3S898 


i 


I 


y 

Zj 


1-  Reference  letter,  DRDME-EPAT  dated  3  Oct  1983,  SAB. 

2.  The  referenced  letter  forwarded  the  results  of  Belvoir  RAD  Center  (formerly 
MERADCOM)  evaluation  of  the  odor  problem  with  the  82  series  PATRIOT  air  conditioners. 
It  recommended  that  the  82  aeries  air  conditioner  be  mounted  on  a  PATRIOT  shelter 
and  allow  personnel  from  this  office  to  sit  in  the  shelter  during  the  operation 

of  the  air  conditioner.  ! 

j 

3.  Belvoir  RAD  Center  personnel  (Mr.  Dave  Larson  and  Mr.  Frank  Good)  visited 
Raytheon,  Andover,  on  10  November  1983  and  demonstrated  the  operation  of  two 
PATRIOT  air  conditioners  (SN  82406  and  SN  82396)  on  an  ICC  shelter.  They  sat 

in  the  ICC  shelter  for  approximately  four  hours  and  operated  the  two  Air  conditioners 
in  both  the  high  heat  and  low  heat  modes  without  feeling  any  ill  effects.  They 
concluded  that  the  PATRIOT  air  conditioners  with  82  serial  numbers  pose  no  special 
hazard,  are  safe  and  usable  ini  the  heat  modes.  A  copy  of  their  trip  report  dated 
17  November  1983  is|  attached,  j 

3.  Based  on  Che  results  of  Belvoir  RAD  Center’s  extensive  test  and  evaluation  of 
Che  PATRIOT  air  conditioner  including  Che  demonstration  of  Che  82  series  on  Che 
ICC  shelter  at  Raytheon  on  10  Nov  83,  it  is  recommended  that  the  82  series  be 
released  for  use  in  the  PATRIOT  system. 


FOR  THE  COMMANDER: 


Enel 


,‘5 *-»<• 

ROBERT  M.  McKECHNIE 
Develonment  Project  Officer 
PATRIOT  Support  Project  Office 
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DRCPM-MD-M-G  (0’Donnel) 

-S-D  (Gustine) 

DRSTS-TIB  (Beckman) 

STRBE-EPAT  (Brantly,  Waddlck.  Sams) 
-EM  (Good) 

-TQ  (Graham) 
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STRBE-EME 


16  November,  1983 


SUBJECT:  Trip  Report,  9-10  November  1983,  to  Andover  Mass,  Raytheon 
Corp,  regaring  PATRIOT  GF£  Air  Conditioners. 

THRO:  Chief,  Environmental  Control  Systems  Branch 

Chief,  Electromechanical  Division 

DPO,  PATRIOT  Support  Project  Office 


TO: 


Chief ,  Engineer  Service  Support  Laboratory 


1.  Short  Synopsis  of  Travel.  This  was  a  follow  up  visit  on  an 
earlier  trip  in  July  in  relation  to  an  alleged  odor  problem  with  the 
air  conditioners. 

2.  Person  contacted. 

Mr.  Larry  Somes,  Raytheon  Bedford 

3.  Discussion. 

a.  At  the  end  of  June  this  year,  Raytheon  reported  an  objec¬ 
tionable  odor  coming  from  the  first  of  the  *82"  serial  numbered  GFE 
air  conditioners  that  they  had  begun  using  on  the  PATRIOT  shelters. 
Because  of  an  earlier  experience  with  an  unidentified  "toxic 
substance"  being  given  off  by  the  early  model  air  conditioners 
everyone  involved  was  "gun  shy*  about  the  odor  report.  We  immediately 
banned  use  of  the  "82*  units  ana  launched  an  investigation  into  what 
had  caused  the  "odor".  After  three  months  of  thorough  investigation 
we  are  completely  convinced  that  the  problem  arose  from  a  new  paint 
odor  coming  from  the  new  style  finned  heaters  used  beginning  with  the 
82  model  units.  The  odor  comes  from  amounts  of  outgassing  from  the 
paint  which  are  almost  too  small  to  measure.  Tests  indicated  that  no 
toxic  substances  were  present  in  the  outgassing.  The  odor  is  present 
each  time  the  heaters  are  started  after  being  off  for  a  while,  is 
most  intense  when  the  heaters  first  start  and  diminishes  as  the 
heaters  are  used  for  a  time.  Different  sample  air  conditioners  used 
during  our  tests  exhibited  varying  amounts  of  odor-apparently  because 
of  normal  production  variations  in  the  amount  of  paint  used  or  the 
varia-ions  in  using  the  paint. 

b.  Mr.  David  Larson  and  I  visited  Raytheon  on  10  November  for  the 
express  purpose  of  carrying  out  a  recommendation  in  a  letter  from  the 
Patriot  Project  Support  Office  to  the  PM,  dated  3  October,  that 
■Belvoir  R&D  Center  personnel— sit  in  the  shelter  during  use  of  the 
air  conditioner  to  prove  it  safe".  Our  purpose  was  to  restore  by  our 
example  the  Raytheon  people's  confidence  in  the  GFE  air  conditioners. 
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c.  What  we  did  was  to  stay  for  four,  hours  in  an  ICC  shelter 
located  in  the  High  Bay  Area  of  Raytheons  Andover  plant  and  run  the 
two  air  conditioners  in  various  heat  inodes.  Although  a  somewhat  unna¬ 
tural  use  of  the  equipment,  we  felt  it  would  make  our  point.  The  room 
temperature  outside  the  shelter  was  probably  on  the  order  of  68  to 
72*F.  The  High  Heat  mode  of  the  air  conditioner  is  intended  for  ini¬ 
tial  warm  up  when  starting  a  cold  system  and  Low  Heat  mode  for  normal 
thermostat-controlled  heating.  High  Heat  might  also  be  used  when  out¬ 
door  temperatures  are  extremely  low.  The  two  air  conditioners  on  the  ICC 

involved  were  SN  82406  which  had  14.1  hours  on  the  run-time  meter  at _ 

the  end  of  our  stay  and  SN  82  396  which  had  6.9.1  hours.  The  thermostat 
controls  for  the  air  conditioners  are  supposed  to  have  a  range  from 
60 *F  ("Colder")  to  90*F  ("Warmer"). 


d.  We  entered  the  ICC  at  0800  hours  on  10  November  and  started 
both  air  conditioners  in  High  Heat  mode  with  the  temperature  controls 
turned  to  full  Warmer.  Both  started  and  ran  normally.  Raytheon  pro¬ 
vided  us  with  a  thermocouple  and  an  Omega  meter  so  that  we  could  spot 
check  temperatures  during  our  stay.  Both  air  conditioners'  fresh  air 
inlets  were  open  with  filters  in  place.  Several  times  durnq  our  stay 
in  the  shelter  Raytheon  employees  entered  to  bring  things  in  and  out 
of  the  shelter  and  several  times  Mr.  Somes  came  in  and  visited  with  us 
for  a  few  minutes. 

e.  From  0800  to  1045  we  ran  the  two  units  constantly  in  the  High 
Heat/Warmer  mode.  Outlet  temperatures  coming  from  the  air  conditioner 
discharge  ranged  from  120®F  to  150°P.  After  interior  temperatures  had 
stabilized  (about  an  hour)  the  thermocouple  clamped  to  a  metal 
interior  bracket  registered  110°F  which  was  probably  a  reasonable 
estimate  of  the  mean  interior  temperature,  which  when  measured  in  the 
return  air  stream  varied  from  100  to  115F.  When  first  started,  the 
units  gave  off  the  same  odor  that  had  been  detected  back  in  June  and 
July  but  at  a  _ower  level,  it  appeared.  We  have  noted  during  tests  at 
Ft.  Belvoir  that  different  units  smell  at  different  intensities. 

After  the  first  hour  we  no  longer  detected  the  hot-new-heater  odor  and 
began  to  detect  other  odors  such  as  the  interior  shelter  wall  odor  or 
our  own  body  odors  (we  were  perspiring). 

f.  During  that  first  period  the  thermostat  had  the  Low  Heat  ele¬ 
ments  turned  off  so  long  as  the  room  temperature  was  over  90°F.  The 
High  Heat  elements  run  constantly,  controlled  only  by  a  limit  device 
which  would  not  have  swithed  them  off  at  the  temperatures  we  were 
ewpor i oncing .  At  1045  we  switched  both  units  to  Low  Heat/Warmer  to 
exercise  the  Low  Heat  elements  .  When  we  made  the  changeover  there 
was  a  fresh  period  of  odor,  about  as  strong  as  the  original  start  up. 
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Within  just  a  few  minutes  we  no  longer  smelled  it,  however.  In  Low 
Heat/Warmer  the  room  temperature  dropped  to  about  100°F.  We  experi¬ 
mented  for  a  few  minutes  with  the  two  thermostat  controls  and  found 
that  the  curbside  unit  controlled  at  100  to  103*F  in  the  full  Warmer 
position  and  roadside  unit  at  95  to  99°F.  With  both  on  full,  the 
curbside  unit  dominated,  being  able  to  maintain  the  shelter  at  tem¬ 
perature  by  itself.  In  this  experimenting  we  found  that  the  roadside 
unit  produced  no  noticeable  change  in  odor  when  switched  on  whereas 
the  curbside  unit  produced  a  brief  noticable  burst  of  odor  when  turned 
on.  Interestingly  the  non-smelling  roadside  unit  showed  the  higher 
run  time  (69.1  hours  vs  14.1). 

g.  At  1200  hours  we  shut  both  units  down  and  ended  our 
demonstration-of -confidence.  Neither  of  us  felt  ill  effects.  The  4 
hours  stay  in  the  cramped  quarters  of  the  ICC  at  100  to  115°F  was  less- 
than-pleasant  but  we  feel  sure  that  there  is  no  risk  of  harm  from  the 
heater  odor. 

4.  Conclusion .  The  GFE  PATRIOT  air  conditioners  with  82  serial  num¬ 
bers  pose  no  special  ha2ard  because  of  the  use  of  the  new  painted 
heater  elements.  There  is  an  odor  that  apparentlly  varies  from  one 
unit  to  another  and  that  recurs  as  a  "new  paint  smell"  each  time  the 
heaters  are  restarted  for  some  undetermined  length  of  operating  time. 

In  short,  the  air  conditioners  are  safe  and  useable  in  the  heat  modes. 


/?:<  ft 

' FRANK tYN  P.  GOOD 
Project'  Engineer 

I  have  read  Mr.  Good's  report,  concur  with  his  statements  and  conclu¬ 
sions  and  wish  to  make  this  a  joint  trip  report. 


DAVID  A. LARSON 

Patriot  Project  Support  Office 


